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Y3�kµ]�tX`_EabX%cnd�e�X%g]h@�vdfqTX%�Kh;VSXW{Sc;iTgS��VSdfgS��cuikh;d�m�~F�v�¾\�� �|�9¿ À9¸·p¸;¿ Á9Â �Ã�¼�r� ·w��¸ ± � VAd���V�d����MmvgS�nd��nh;X%g]h � dfh;V�huVSXÄ h�iTgA�wiTc;�¼Å1mE�AX%xAaAc;X%�Ad��Mh;d�mvg>mT¢=~³�A�Æ�Tµ¡®Ç�A���È�v�j�É�r� ·w��¸ �KUWVAXjc;XM�;�Sx�hud�gA�Zx�dfe�d�hCmvg>huVAXje�ik�vgSdfh;�S�SX
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¬A�ÆòE�Æ¬ ��ÿ � ljiT��o��vc;mT�SgS� �����)���^�)���)�����)���)�����������)���)�����)���)�^�»ãT[
¬A�ÆòE�\ Å1�SmTg¥ljik��op�Tc;mv�SgA� ���)���^�)���)�����)���)�����������)���)�����)���)�^�ûòA�
¬A�ÆòE��ã Ä dfgS�vx�XZl#XOiTe ljiT��o��vc;mT�SgS� �^�)���)�����)���)�����������)���)�����)���)�^�ûòv¬
¬A�ÆòE�Æò àZmv�S{Ax�X�l#X%iTe�ljik��op�Tc;mv�SgA� �)���)�����)���)�����������)���)�����)���)�^�ûòT\
¬A�ÆòE��� º#VwiTcn�vX�YK_A��VSiTgS�vX)ljiT��o��vcnmv�SgS�»�)�����)���)�����������)���)�����)���)�^�ûò]ã
¬A�ÆòE�Æµ º#mvcnc;X%x�ikhudfmvg Ä h;�S�A}�iTgA� Ä dfgS�vxfX^º#�Ah��ÃiTd�xf�Sc;X Ä hu�S�E} ���)���)�����)���)�^�ûòvò
¬A�ÆòE�Æ[ Ä �Se�e�iTcn}�mT¢KljiT��o��vc;mT�SgS� �^�)���)�����)���)�����������)���)�����)���)�^�ûòv[

¬E��� Y�_AiTe�d�gAd�gS��h;VSX Ä d��vgSiTxªß�X%�vdfmvg ���^�)���)�����)���)�����������)���)�����)���)�^�ûòv[
¬E�Æµ ljiT��o��vc;mT�SgS��àZdf�nh;c;d�{A�AhudfmvgS�#dfgS�;df�SXZhuVAX Ä d��vgwikxªß¡XM�vd�mTg¥���������)���)�����)���)�^�»�v�



¬A�ÆµE�f� ��� � ljiT��o��vc;mT�SgS��àZdf�nh;c;d�{A�Ahudfmvg �)�����)���)�����������)���)�����)���)�^�»�v�
¬A�ÆµE��� ��ÿ � ljiT��o��vc;mT�SgS��àZdf�nh;c;d�{A�Ahudfmvg �)�����)���)�����������)���)�����)���)�^�»�vã
¬A�ÆµE�Æ¬ Ä dfgS�vx�XZl#XOiTe ljiT��o��vc;mT�SgS�1àZd��nh;c;df{S�Ahudfmvg����)�����������)���)�����)���)�^�»�v�
¬A�ÆµE�\ àZmv�S{Ax�X�l#X%iTe�ljik��op�Tc;mv�SgA��àZd��Íhucnd�{S�Ah;d�mvgô�)�����������)���)�����)���)�^�»�v�

¬E�Æ[ î��%�MX%aAhuiTgS�MX¼Å1X%iT�;�ScnX%e�X%g]h�iTgS� Ä X%gS�ndfh;dfqpdfh9} ���)���)�����������)���)�����)���)�^�»�T[
¬A�Æ[E�f� î��M�%XMaAh�iTgA�%X>Å1XOiT�n�Sc;XMe�XMg]hu� �)���)�����)���)�����������)���)�����)���)�^�»�T[
¬A�Æ[E��� ��ÿ � l#cuiTgA��VSd�gS��ß¡ikhudfm�Å1XOiT�n�Sc;XMe�XMg]hû�)���)�����������)���)�����)���)�^�ûµv�
¬A�Æ[E�Æ¬ Ä �Se�e�iTcn}�mT¢=î��%�MX%aAhuiTgS�MX�iTgS� Ä XMgS�;d�hudfqpd�h9} �����������)���)�����)���)�^�ûµv¬� � NÈP Ø RQì=Ü Ø��
	 PALÈÜ¤Ù½Ù�� �	� ¦á§ � ©=«© í ù

\A�f� Ä d��vgSiTx�kgAmvd��nX^º#X%xfxªàZXMýwgAdfhudfmvgS��iTgA�1yªdfoTX%xfd�VSmpmp��Y
�nhudfe�iQhumvc ���)���)�����)���)�^�ûµvò
\A��� l#cuiTgA��VSd�gS��ß¡ikhudfm¼mT¢��	� ¦¨§ � ©=«© �^�)���)�����)���)�����������)���)�����)���)�^�ûµ]�
\A�Æ¬ Y@�Íhudfe�ikh;d�mvg�mk¢ Ä }p�ÍhuX%e�ikh;d����tgA�%X%cÍh�iTdfg]h9}Ô�)�����)���)�����������)���)�����)���)�^�ûµv[
\A�\ ü9e�aSxfd��%ikhudfmvg�¢¤mvc�����~��	� ¦¨§ ����¸ � �)���)�����)���)�����������)���)�����)���)�^�û[v�
\A��ã ü9e�awik�Mh¡mT¢K� � ¦¨§ � ©=«© l#c;iTgS��VSdfgS��ß¡ikh;d�m¼mvg��tgAdfh�ikc;dfh9}�U=cnd iTgA�vx�X¨�����)���)�^�û[]�� � Ù Ø R]ê³ÛzJOÜ¤Ù Ø �Ãù

d�dfd



� � ��
�
���	�	"W�
$%��
UWVSX Ä h�iTgS�SiTc;��Å1mp�SX%x=~ Ä Å��@VSiT�@�;m)¢�ikc � X%xfxwX`_EaSx�iTd�gSXM��ikx�e�mv�nh@mT¢�iTx�xEhuVSX�X`_EabX%cnd�e�X%g]h�iTxÃcnX%�;�Axfhu�
d�g½awiTcnh;d��Mx�X¼aSV]}p�;df�%�%�1àZX%�naSdfh;X¼huVSdf�)�n�S�%�MX%�;�M±�huVSXMc;X�iTc;X��nh;d�x�xK�;mve�X�X _Ea|XMc;d�e�X%g]huiTx@mv{S�;XMcnqkikh;d�mvgS�
� VSd���V�huVAX Ä Å �OiTgAgSmTh¡iT�M�%mv�Sg]hW¢¤mvcM�
UWVSX�e�ikh;h;X%cWiTgA�£iTg]hud�e�ikhnhuX%c#iT�n}pe�e�X`hucÍ}�df�jmvgSX�mT¢Ch;VSX%�nX
X`_E�%XMaAhudfmvgS�%±Q¢¤mvcCX`_AiTe�aSx�Xk±Qh;VSX��%mv�ne�mvxfmv�vdf�OiTxk{wiTcn}Tmvg�ik�n}pe�e�XMh;cn}^dfg�mT�Sc=�AgSdfqTX%c;�nX � �"! �zî��M�%mvcn�Sd�gA�
hum Ä iTo�VwiTcnmÈq#�¾�$!³±#mvgSX�mT¢tgSX%�MX%�n�uiTcÍ}Ç�MmvgS�Sd�hud�mTg,h;m �vX%gSXMcuikh;X1�n�S��VÔiTg iT�Í}Ee�e�XMhucÍ}¶d��¼h;Vwikh�huVSX
X%x�XMe�XMg]h�iTcÍ}¥dfg�h;X%c;iT�Mh;d�mvg¥qpdfmvx ikh;X%�t��VwiTc;�TX��%mvg&%n�S�]ikh;d�mvg��Í}pe�e�XMh;cn},~³ºW��iTgS��h;VSX¼�%mTe�{Sd�gAX%� ºjÝ
�n}pe�e�XMh;cn}¯~ � VSXMc;X£Ý/d���aSiTc;d�h9}7�Í}Ee�e�XMhucÍ}A�`�½âtm � XMqvXMc%±@huVSX��ÍhucnX%gS�Th;V¶mT¢tiT�n}pe�e�X`hucÍ}7�%iTgSgSmTh
{|X^�SXMc;dfqTX%�1{�}£h;VSX^e�mp�SX%xª�%iTx��M�Sx iQhud�mTgS�j{wiT�nX%�1mvg1h;VSX Ä Å'� ¬(! �*) VSXMh;VSX%ctmvc�gSmTh�huVAX%c;X)iTcnX�gAX �
�;mv�Scn�%XM�#mT¢zºjÝ7qpdfmvx ikh;d�mvg�Vwik�3{bX%XMg��;X%iTc;��VSXM��¢¤mvc�e�ikg�}¼}TXOiTcn�#dfg�awikcnhudf�%xfX¡aAV�}p�nd��%�3X`_EabX%c;dfe�XMg]hu�%�
ü9g h;VSd���aSiTa|XMc%± � X � dfx�x=�SXMhuiTd�xzhuVSX�iTgwikxf}p�;df�ZmT¢#ljs�yþÊFY@[T\v[�X`_Ea|XMc;dfe�XMg�h%± � VSd���VÉiTc;X¼e�mv�Íhuxf}1d�g
�%mve�e�mTg � dfhuV�ljstyþÊFY��Tµ]��X`_EabX%cnd�e�X%g]hO�

UWVAd���aSiTa|XMcZd��tiTcncuiTgS�TX%� iT�¡¢¤mvx�xfm � dfgS�S�+)ÉX � d�xfxªýwc;�Íh�c;X`qEdfX � ºjÝÔqEdfmvx iQhud�mTg1ikgS��cuikc;X>oQiTmTg
�SX%�%ir}p�M�
î�gS��h;VSX%g � X � d�x�xp�SXM�;�%cnd�{bXjhuVSX#�;mv�Scn�%XM��mk¢Ã{wiT��o��vc;mT�SgS��iTgS�¼VSm � � XW�%iTg¼�;�AaSaSc;XM�;�@huVSX
{wiT��o��vc;mT�SgS��d�g¼�SXM�;d��TgSd�gS��h;VSXWoQiTmvg�{|X%iTe�x�d�gAXT±kh;VSX��SXMh;X%�`humvc�iTgS�¼h;VSX��;X%xfX%�`hud�mTg��Mc;d�huX%cnd i�dfg��wikh�i
iTgwiTx�}E�nd��M�,)7X � dfx�xb�SX%�n�%cnd�{bXZmv�Scj�AgSd����SX�e�XMh;VSmE�A�jd�g�XM�nhudfe�iQhud�gA�)huVAXZ{wiT��o��vcnmv�SgS��x�X`qvX%x�iTgS��d�g
XMqkiTx��SikhudfgS��h;VSX�iT�%�MX%aAhuiTgS�MXT�>î¡¢øhuXMcZmvabX%gSdfgS��huVAX¼�;d��TgwiTxK{bmO_|± � X � dfx�xCaSc;XM�;XMg�h�mv�AcZe�X`huVSmp�	d�g
X`_phuc;iT�Mh;d�gS�1{ScuiTgA��VSd�gS�1cuikh;d�mS±Ce�iTo�d�gS��¢¤�Sxfx
�S�;X�mT¢jmv�Ac)o�gSm � x�XM�S�vX�mvgÉh;VSX�{SiT��o��vc;mv�AgS� d�g½huVSX
�;d��TgwiTx�{bmO_þ�3ü9g1h;VSX^X%gS�1mT¢Kh;VSd���awiTabX%cM± � X � d�xfxªiTx��nm��;VSm � VSm � h;VSX�c;X%�n�Sxfh¡mT¢KcuiTcnX^okikmvg1�AX%�OiO}
�OiTg��vdfqTX^iTg�d�e�awiT�Mhjmvg£�Sd��n�%mrqvXMcn}£mT¢=huVSX^gSX � aSV]}p�;df�%�¡{|X`}vmvgS��huVSX Ä Å½�-/.0- 132 46587:98;,<=507/>?;*>A@?BC;EDGFIHJF�KL;LMONIP6Q R�PTSVUS
ü9g�huVSX Ä h�iTgS�SiTc;��Å1mp�SXMx ±�ºjÝ	qpd�mvx�ikhudfmvg)dfgXWÃiOqvmTc
��VwiTgS�vdfgS�ZaScnmE�MX%�n�;X%�@df�Kc;XMx ikh;X%��h;m�iZd�e�iT�vdfgwiTcn}
aSVwiT�nXtdfg�h;VSXt���wikc;o¼e�d�_Ed�gS�^e�ikhucnd�_Y�Ó\$!³±piT�;�n�Se�dfgS�^huVwikh@h;VSX%cnXZiTcnX�h;VSc;XMXt�TX%gSXMcuikh;d�mvgS��mT¢þ�p�SiTc;o��%�
UWVSd���e�ikh;c;d�_)df��o�gSm � g�iT�=huVSX¡ºjiT{Ad�{S{bmkÊFË�mv{Sir}viT�;VAd�ÊÍÅ1iT�;oQi � i�~³ºjË�Å��Ke�iQhuc;dÌ_|�=ü9gZ)Émvxf¢¤XMgS�nh;X%d�g
awiTcuike�X`huX%cnd��%ikhudfmvg[�¾ã$! ±Sh;VSX)ºjË�Å e�ikhucnd�_��OiTg�{bX � c;dfhnhuXMg1dfg�abm � XMc;�¡mT¢]\_^ú�;dfg�`"aE^ �E���v�cb

Î�dGeEfg^ hi ÎGj`ÐáÎ=jlk ÎGjnm
Îoa¤Ð ÎGapk Îoaqm
ÎSÏÌÐ ÎwÏrk ÎSÏsm tuwv hi �Txy\ �{z � \ |}\ Â ~p~�x����A�xA\ ��xy\ �{z � |A\ �|A\ Â ~Í��x�~�x����S� xT|}\ � �

tu
� ~Í�È�
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��� � {|XMd�gS�1e�df�;df�SX%g]hud�ýwX%�7iT� § �¯iTgS�ÉhuVSX��]iTe�e�i£�	� ¦ Üª� © � ³ {|XMd�gS�1x�mv�Íh�iT� � XMx�x³±=mvc�huVSXaSVSmTh;mvgS�W¢¤c;mve § ¸¡�SX%�%ir}£{bX%dfgS��e�df�;�nX%�£humv�vX`huVSXMc � dfhuV�h;VSX § �	e�mve�X%g]h;�Se1±AcuiTgS�TX^iTgS��X%gSXMc;�T}
{|XMd�gS�½�;VSd�¢øhuXM�Ç�S�SX£hum½huVSX�X`_EabX%cnd�e�X%g]h�iTx�cnX%�;mTx��Ah;d�mvg Xl¥|X%�`h�mvc¼huVAX¥mp�%�%�Ac;c;XMgS�%X1mT¢Z�n�OikhnhuXMc;d�gA�
iTx�mvgA��huVSX^aSdfmvg�hucui±%nX%�Mh;mvcn}�d�g���ÿ � �ü9g�iT�A�Sdfh;d�mvg�h;m�huVSX�{SiT��o��vc;mv�AgS��¢¤cnmveôË�ikmvg��SX%�%iO}E�M±whuVSXMc;X^iTcnX^iTx��nm¼{wiT��o��vc;mT�SgS��¢¤c;mveñhuVSX
{|X%iTe �%mTg�huiTe�d�gwikh;d�mvgþ±�d�gS�Mx��S�Ad�gS��h;VSX��;d�gA�vx�X § � {bXOiTeï{|XMd�gS�£e�d��ÍÊ d��SXMg]hudfýSX%� iT��i�� � {bXOiTe�±
huVSXZ�Amv�S{SxfX�{bXOiTe � dfh;V£iTg£iT�%�Mmve�awiTg]}pd�gS�¼� � mTcji §C� {bXOike � VSdf��V£�OiTgSgAmThW{bXZ�;XMawiTcuiQhuX%��{]}
huVSX^{bXOiTe �Mmv�Sg]huXMc;�M±|ikgS��huVSX^d�g]h;X%cuik�Mhudfmvg£mT¢K� � ��� ¦�� � � ¸� ±w� ¸� ¦á§ª��� · © Å �

UWVAd���X`_Ea|XMc;dfe�XMg�h3�S�nX%��h;VSX��;iTe�X�huXM��VSgSdf�p�AXZiT�3iTx�xwaAc;XMqpdfmv�S�3�	� ¦¨§ � ©=«© X`_EabX%c;dfe�XMg]hu� b�i
x�m � e�mTe�XMg�h;�Señokikmvg�{|X%iTe!�ÍhumvaAa|XM��dfg�huVAX��SXMh;X%�Mh;mvc%�3Å1X%iT�;�Ac;X%e�X%g]h¡mT¢z�	� ¦á§ � ©=«© �AX%�OiO}
d�g]qvmvx�qvXM� mT{S�;XMcnqkikhudfmvg¶mT¢�huVAX § �Ôd�g huVAX£iT{S�;XMgS�%X£mT¢¡mTh;VSX%c¼�Mmvd�gA�%d��AX%g]h�iT�`hudfqpd�h9}v�ÉÝ@dfmvgS� � X%cnX
d��SXMg�h;dfýwXM��{]}��Mmve�aSiTc;dfgS��e�mve�X%g]hu�Se ~pÙ>� ±þcuikgS�vX£~p�^�`±�ikgS�	X%gSXMc;�T}¶~��>�te�X%iT�;�Ac;X%e�X%g]h;�%±ªiTgA�
{�}�mv{S�;XMcnqkikh;d�mvg¼mT¢bhuVAX § � ¦ Üª� ¦ ï �ô�SX%�%ir}��;X%���SXMgS�%Xk� Ä d�gS�MXjhuVSXW�nd��vgwikxScuikh;XWd��
X _AabX%�`huXM��hum
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�Kd��v�Ac;X�ã�b Ä ��VAX%e�ikhudf���nd��SX¡~¤x�X`¢øh ��iTgS��X%gA��~�cnd��vV]h��|qEdfX � �CmT¢EhuVSX@�SaSabX%cCVwikxf¢EmT¢Ah;VSX�Y�[k\][W�SXMh;X%�Mh;mvc%�
{|X�iT{bmv�Ahj�r� ·w��¸ x�X`qvX%x³±vhum�iT��VSdfXMqTX�h;VSd��K�;X%gA�;dfh;dfqpdfh9})huVSXW�AXMhuXM�Mh;mvc@d����SXM�;df�vgSX%��hum�VSirqTX�iZabm � XMcn¢¤�Sx
awiTcnh;d��Mx�X£d��SXMg]hudfýS�Oikh;d�mvg¶humÉc;X¹%nX%�Mh�huVSX¥� � ¦ Ü �þ© �S~ ³ �`±Wi½\kÊ § �;mTx�d�� iTgS�Tx�X�aSx��S��¢¤�SxfxWX%gSXMc;�T}�%mrqvXMcuiT�vX¼aAVSmThumTg¥qvX`hum�hum�cnX8%nXM�MhZh;VSX¼� �É¦ §C�b§ª¸ ±�iTgA�	aSc;XM�%d��nX>hudfe�dfgS�S±ÃX%gAX%c;�k}�iTgA�	awikh;h;X%cng
c;X%�Mmv�vgSd�hudfmvg	d�g	h�ikc;�vX`h�iTgS�½{|X%iTeï�Mmv�Sg]huXMc;�^hum�X%x�dfe�dfgwikh;X�h;VSX�{|X%iTe {wiT��o��vcnmv�SgS�A�>e�X%g]hudfmvgSX%�
iT{|mrqTXT�

UWVAX�Y@[T\][ X`_EabX%c;dfe�XMg]h	~�ljs�yþÊFY@[T\v[]� � iT��i½�n�S�%�MX%�n�;mvc�h;m½h;VSX¥Y��Tµv�½X`_EabX%cnd�e�X%g]h	~�ljs�yþÊ
Y3�kµ]�v�@h;VwikhWc;iTg�ikh#huVSXZîtxfh;X%c;gSikhudfgS�ZØ�cuiT�Ad�X%g]h Ä }pgS��VSc;mkhuc;mTg7~¤îTØ Ä �3ikh�l#s�y	¢¤c;mveû�r[vµv���b�r[v[T[A�
UWVSXWY��Tµ]�t�AXMhuXM�Mh;mvc�VwiT�K{|XMX%g¼�SXM�;�%cnd�{bX%�¼aScnXMqpd�mT�S�;x�}_� ¬]�$!AiT�=dfh�X _Ed��nh;X%�¼�S�Ac;d�gA�thuVAXja|XMc;dfmE���r[vµ]���
�r[v[A�v�^UWVSX�Y��Tµv���SXMh;X%�Mh;mvc � ik���SaS�vc;iT�SX%� �S�Ac;d�gA�	�r[v[]���Ã�r[v[T\S±b�;mTe�X¼mT¢@h;VSX%�nX��AaS�vcuik�SX%��VwiOqTX
{|XMX%g	�SXM�;�%cnd�{bX%�	XMx��;X � VSX%cnX�� ¬]�E±|¬v[A±b\S�T±|\��&!³± � VSdfx�X�mThuVAX%c;� � d�x�xC{bX>�SXM�;�Mc;d�{bX%�	VAX%c;Xk�ZUWVSX�Y@[T\][
�SXMh;X%�Mh;mvc�~¤�;XMX_�Kdf�v�Sc;X�ò]� � iT�>�AaS�vcuik�SX%� mrqTX%c)h;VSX�abX%cnd�mp�½¢¤cnmve¨�r[T[v[ �A�T�T�A���¾¬T\A±=¬vã$! � Ä XMqvXMcuiTx
d�e�aSc;mrqvXMe�XMg]hu� � X%c;X^e�iT�SX�h;m¼huVSX��SX`huXM�MhumTc b�iT�S�Sd�hudfmvgwiTx|iTgS�£d�e�aScnmÈqTX%��aSVAmThumvg�qTXMhum��n}p�ÍhuX%e��%±
d�e�aSc;mrqvXM�Ôhucuik��opdfgS�,�n}p�nh;X%e��%±Zdfe�aAc;mrqvXM� h;c;df�v�vX%c�XlÕ��%dfX%gS�`}v±�iTgA�úcnX%�S�S�MX%� à¡î¡ó �SXOiT�Ôh;d�e�XT�
Y�[k\][ � iT���SX%�nd��vgAX%��h;m)cn�Sg�ikh@h;VSXt�;iTe�X¡dfgS�nhuiTg]h�iTgAX%mv�S��cuiQhuXtiT�#Y��Tµv�E±piTgS��hum�ik��VSd�X`qvXti�¢�iT�`humvc
mT¢�ýSqTX�d�e�aScnmÈqTX%e�X%g]h3d�g�iOqTX%cuik�vX��nX%gS�ndfhud�qpdfh9}�{]}�cn�SgSgSdfgS� � d�huV��;�S{S�Íh�iTg]h;d iTxfxf}¼e�mvc;X¡aScnmThumvg�Ww�E_
iTgS��i�VSdf�vVSXMc
�S�Ah9}¼¢�iT�`humvc�iTgS��c;XM�S�S�MX%��oQiTmvg�e�mve�X%g]hu�Se��Kü9g�aSc;iT�Mh;d��%XWh;VSXtVAd��vVSXMc@�S�Ah9}¼¢�iT�`humvc
� iT��gSmTh�ik��VSd�X`qvX%�7d�g	huVSX�XMgS�vd�gAX%X%cnd�gS��c;�AgÉdfg7�k�v�A��mvc�huVSX¼ýwcn�nh)aSV]}p�;d��M�)cn�Sg7dfgÉ�T�v�]���S�SX�hum
i�{Sc;mvokX%g½e�mkhumvcZ�TX%gSXMcuikh;mvc��;X`h�ikh�huVSX¼îTØ Ä ~¤h;VSX Ä d�XMe�XMgS� � iT��c;XMe�mrqvXM�½¢¤cnmveïmTa|XMcuikh;d�mvg�mTg
µ T¬ T�E��iTgA��huVSXt{wiT��o��Sa_)ÉX%�Íhud�gA�vVSmv�S�nX^Å�Ø �;X`h � iT�j�S�nX%���S�Scnd�gS��huVSXtc;XM�nhjmk¢=�T�v�A�tiTgS�£�k�v�]�v�
iTgS��Y@[T\v[�cuikg�ikh�iT{bmv�Ah¡h � d��%X^huVAX>{bXOiTe�c;ikhuX)mT¢
Y��Tµ]�p�¡UWVAX>X`_EabX%cnd�e�X%g]h � iT�taSc;mvabmv�nX%�	iTgA�
iTaSaScnmÈqTX%�½{]}	huVSX���� Ä �CàZXMawiTcÍhue�X%g]h^mT¢#Y@gAX%c;�k} ¸ �>°AÕ��MX�mk¢jâ¡d��vV Y
gSXMc;�T} Ý
V]}p�;df�%�^hum£c;�Sg ¢¤mvcòv� � X%XMop�M�^ît¢øhuXMc�huVAX>ýwc;�Íh��È� � XMX%o��^mT¢@c;�SgAgSd�gS��d�g �k�v�]��gAm�¢¤�Scnh;VSX%ct¢¤�SgS�S� � X%cnX¼aSc;mrqpd��AX%��hum
�%mve�aSx�X`huXZh;VSX^X`_Ea|XMc;dfe�XMg�h%�
ü9g�h;VSd��W�nX%�`hud�mTg�± � X � d�xfxþ�SXM�;�Mc;d�{bX�huVSX^�SX`huXM�MhumTc�iTgA��{bXOike1�õ+.²õ !#"AF%$ÛKLKLF�90FéDG;,<�7/DC;*>A@�& ;E7/>('ÒFé;*ý )�5£>AF
UWVSX�� � {bXOike � iT��aSc;mp�S�S�MX%�,{]},i	VSd��vVpÊ9d�g]h;X%gS�ndfh9}ÉaSc;mTh;mvg¶{bXOiTe ¢¤c;mve huVSX�îTØ Ä ikh�ljs�yEb
huVSX^X%g]h;d�c;X^îTØ Ä {bXOike mT¢
òvãþ�¡�O�p����~¤UWaÃ� � ik�t�SXMx�d�qvX%cnX%�£hum�huVSX�Y@[T\][�oQiTmvg£aScnmE�S�A�Mhudfmvg£h�iTcn�vXMh
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~ º�Ê huiTc;�TXMh � ��Ý@cnmThumTgS� � XMc;X�iT�M�%X%xfX%c;ikhuXM��hum£i�e�mTe�XMg�h;�Se»mT¢3�E�v�Æã©Ø^X`Þ�*�È�)Ý@cnd�mvc¡hum��T�T�A��huVSX
îTØ Ä h9}paSd��%iTx�x�}¼cuiTg�ikh#�k\XØ^X`Þ�*�È±�{S�Ah#ikh@huVSdf�@VSd��vVAX%c@e�mTe�XMg�h;�Se h;VSXtxfmvgS�vXM�nh��;aAd�x�xÃik��VSd�X`qTik{Sx�X
� dfhuV�huVSX�)ÉX%�nh;d�gS�TVSmv�S�nX¼Å�Ø5�;X`h � iT�Z�A�Æã��nX%�k��º#mTe�{Sd�gAX%� � d�huV�huVSX)x�mvgS�TX%c��M}p�%xfX)h;d�e�X�mk¢�huVSX)7XM�nhudfgS�vVSmT�S�;X�~�¬A�Æ�)�;XM��{|X`h � XMX%g��;aSdfx�x��M±piT�j�%mTe�awikc;X%��h;m��E�¬>�;XM� � dfh;V�huVSX Ä d�XMe�XMgS��� ±EhuVAXZ�S�Ah9}
¢�iT�Mh;mvc>iQh��k\[Ø�XMÞ}*� � iT�>�SgwiT�M�%X%aEh�iT{Sx�}7xfm � ��l3}Éx�m � X%c;dfgS�1h;VSX�aScnmThumTg e�mTe�XMg�h;�Seðhum �p�v��ãØ^X`Þ�*�È±Eh;VSXZ�;aAd�x�xbx�XMgS�Th;V � ik�Wd�gS�Mc;XOik�;X%��h;m�i>e�iQ_Ed�e��Se mT¢=�p���>�nX%�T±Ac;X%�n�Sxfh;d�gS�>d�g�i��S�Eh9}�¢�iT�`humvc
mT¢þ�E���Q�;X%�"vãE�¾\v�;XM�T�
îjh
h;VSd��
xfm � X%c
aAc;mTh;mvg¼e�mTe�XMg�h;�SeÒh;VSXWaScnmE�S�A�Mhudfmvg¼mT¢þ�E�r�^Å�XMÞ�Q�¡oQiTmTgS� � ik�
c;X%�A�S�%XM�½{]}7�r�]¹���UWVSX¼oQiTmvg�aAc;mp�S�S�Mh;d�mvg�huiTc;�TXMhZdf��e�iT�SX�mk¢3�çT¬�mT¢3iTg	dfg]huX%c;iT�Mh;d�mvg1x�XMgS�ThuV	mk¢
aSx ikh;d�g��Se(~³ò��Me iTxfmvgS�>h;VSX�{bXOiTeô�Sd�cnX%�Mh;d�mvgw�`±SikgS��d��jxfmE�%ikhuXM��mvg£i � ikhuXMcÍÊ9�MmEmTx�X%���MmvaSabX%cW{wik�;XT�
îjh�h;VSX�h9}EaAd��OikxwîTØ Ä c;�SgSgAd�gS���%mvgA�Sdfh;d�mvg�ò]ã�UWa�mTg�h;VSXtaAc;mp�S�S�Mh;d�mvg¼huiTc;�vX`h�a|XMcj�E�Æ���;X%�MmvgS���;aSdfx�x
ikht�E�v�Æã�Ø^X`Þ�*�th;VSX�h�iTcn�vXMhWh;X%e�a|XMcuikh;�Sc;X � iT��e�X%iT�;�Ac;X%�£hum�{bX ¬ �T�v�*+�º��

UWVAX1yªm � Y@gAX%c;�k} Ä XMawiTcuiQhuX%� l#X%iTe � ¬vò�!^~³yCY Ä l5ü;ü;üÍ� ±K�nVSm � g dfgÒ�Kd��v�Ac;X�òE±��Mmvx�xfX%�`hu�¼iTgA�
¢¤mE�M�S�;XM�joQiTmvgS�3X%e�dfh;h;X%��ikhj� + ~³iTxfmvgS� � dfhuV�ãT�v�>aAd�mvgS�3iTgS��ãT�v�)aAc;mTh;mvgS�jiQh#huVAXth�ikc;�vX`h#¢¤mvc�XMqTX%cn}
okikmvgÃ�`±¡iTgA��df��e�mve�XMg]hu�Se¼Ê9�nX%x�XM�Mh;X%�Ô{]}¯�Sdfa|mTx�X¥e�iT�vgAXMh£à�� ~¤�;X%X[�=d��v�ScnX	ò]� � U � m X%x�XM�Mh;c;mkÊ
e�iT�TgSXMh;mkÊ9�Íh�ikh;d����;XMawiTc;ikhumvcn��~ Ä X%aSiTcuikh;mvc;�)�>ikgS� �¼d�g��=d��v�ScnX�ò]�j� � X%X%a	aAd�mvgS�tiTgS�1aSc;mkhumvgS�¡mv�Ah
mT¢#h;VSX�{bXOike1��UWVSX�cnX%�n�Sxfh;d�gS��{|X%iTe df�^¢¤�AcnhuVAX%c��;X%xfX%�`huX%�7{�}½i��;XM�%mvgS�É�Sd�abmvxfX¼e�iT�TgSXMh�~³à^��d�g�Kd��v�Ac;X�ò]� �
yCY Ä lÇü;ünüK�%mTg�huiTd�gA�#i�gp�Ae�{|XMc3mk¢þ¢¤mp�%�S�nd�gS�����wiT�Scn�Sa|mTx�X>~ ó��MÊ��O�]�`±]�nX`_phu�SabmvxfX�~ Ä �MÊF¬v�`±
iTgS�	mp�Mhu�Aa|mvxfX�~³°��È�te�iT�vgSX`hu�ZikgS�	�%mvxfx�dfe�ikh;d�gS�¼�nx�d�hu�%±þiTgS�	Vwik��i�humkh�iTx=x�X%gA�ThuV�mk¢��r[A�ò�e»¢¤cnmve
huVSX�aScnmE�A�S�Mh;d�mvg huiTc;�vX`h�hum�h;VSX£Y@[T\][�h�ikc;�vX`h � dfh;V,iTg iTgS�v�Sx�iTc�ik�%�%XMaAh�ikgS�%X£mT¢��È�¥e��;c�iTgA�,i
e�mve�X%g]h;�Se iT�M�%XMaAh�iTgA�%X�mk¢�\S�Æãv¹I��)�âZÅÉ�pË^iTmvgS� � d�huV�i^e�XOikg��E�O�)Å�XMÞ�Q� � X%cnXthuc;iTgS�na|mvcÍhuXM�
hum�Y@[T\][A�@àZ�Scnd�gS�>e�mv�Íh�mT¢zhuVSX��T�T�]�>c;�SgAgSd�gS��abX%cnd�mp��huVSX�ýwcn�nh��;XMawiTc;ikhumvcWqTmvxfhuiT�vX � iT��x�m � X%c;XM�
¢¤c;mve¨h;VSX1�Íh�iTgA�wiTc;� qvmvx�h�iT�vX�mT¢Zòv�v�To]Þ»hum ¬ �vãT�ko�Þï�S�SX�hum7VAd��vV,qvmvx�h�iT�TX1�Sdf�;��Vwikc;�vXM�%� UWVSd��
c;X%�A�S�%XM�¥mvabX%c;ikhudfgS�¼qvmvx�h�iT�vX�gAX%�%XM�;�ndfh�iQhuX%��i�cnXMhu�AgSd�gS��mT¢=huVSX^{bXOiTe�xfd�gSXthum�c;X%e�mrqvX�aSd�mTgS� � dfhuV
i �%mvgS�nX%���SXMg�h�xfmv�;��mk¢)oQiTmTgS�%�I�tgS�AX%c�huVAX%�;X	�MmvgS�Sd�hudfmvgS��i¶� � b §C� cuiQhud�m7d�g¯huVAX�{|X%iTe mk¢
¬�bf� � ik��iT��VSdfXMqTX%� � dfh;V¯i½\]�]¹�x�mT�;��d�gÇoQiTmTgÔWw�E_ ~øh9}EaAd��Oikx�xf}¶Y3�kµ]�½c;iTg � dfh;VÇ\=b��È� � Ý@cnmThumTg
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�%mvg]h�ike�dfgwikhudfmvg�df�WgSX%�Tx�d��Td�{SxfXt�S�AX^h;m�i�x�iTc;�TXZ�SXlWSX%�Mh;d�mvg�mT¢zaScnmThumvgA�¡{]}�h;VSX��;XMawiTc;ikhumvcn�%�@îjh�huVSX
h9}EaAd��OikxwîTØ Ä c;�SgAgSd�gS�^�MmvgS�Sd�hud�mTg¼mT¢ªò]ãZUWa�mvg�huVSX�aScnmE�S�A�Mhudfmvg�h�iTcn�vXMh@abX%c@�;aAd�x�x³±S�v�¬����r�,���	� ¸ �iTc;XZh;cuiTgS�na|mTcnhuXM��h;VSc;mT�S�vV£huVSX^{bXOiTe xfd�gSXk�õ+..- 'ÒFé;*ý 1'70/}>:<=FéDG÷
UWVSX�{bXOike d�gS�Íhucn�Se�XMg]h�ikh;d�mvg	Vwik��h;VSc;XMX�cnmvx�XM� b^oQiTmvg½d��SXMg]hudfýS�Oikh;d�mvg�±ªoQiTmTg½e�mve�X%g]hu�Ae �SX%�TcuiQÊ
�wikhudfmvg�±biTgS�1�SXMh;X%�`hud�mTg�mT¢@iTg]}�X`_ph;cui�awikcnhudf�%xfX%�¡�%mvdfgS�%df�SX%g]h � dfhuV1oQiTmvg�mT¢�d�g]huXMc;X%�ÍhZmvc¡dfh;�t�AX%�OiO}
aSc;mp�S�S�`hu�%��UWVSX){|X%iTe�d�gA�nhucn�Se�X%g]h�ikh;d�mvg£¢¤c;mTe��SaS�nh;c;X%iTe�hum��Am � gA�nhucnXOiTe»�%mTgS�;df�nhuXM��mT¢�i�x ikc;�vX
�;�%dfg]hud�xfx ikh;mvc@�%mv�Ag�h;X%c�~�lj�]�`±Si�º#VSX%cnX%gSokmÈq£�Mmv�Sg]huXMc%±wi�aAVSmThumTg��AXMhuXM�Mh;mvc�~��tÝ
Þ��`±Ah � m�{|X%iTe � d�c;X
��VwiTe�{bX%cn�%±Ãi¼�SX%�TcuiT�SXMc�ikgS��i�{bXOike VSmp�Smv�;�MmvabXT�
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Downstream view of BWPC1
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Downstream view of BWPC2
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dfhu��XMgSX%cn�T} �SX%abmv�;d�hO�Ôîtg¯X%gS� qEdfX � mk¢ZhuVSX1l#\ÉVSmE�Amv�;�Mmva|X1d����;VAm � gÔdfg �=d��v�ScnX�[A�ÔUWVSX�l3\
VSmE�Amv�;�Mmva|X£�MmvgS�;df�nh;X%�Çmk¢th � m7aSx�iTgSXM�%±/�»ikgS� Þ>± � dfh;VÇi¶�v�r[ e�e��Sd�iTe�X`huXMc¼mvc;dfX%g]huXM�Çikh�ikg
ãTòA�ÆãT� + ikgS�vx�X�hum�h;VSX)qTX%cÍhud��%iTx ��Y@iT��V	aSx ikgSX>Vwik� �È���n�%d�g]h;d�x�x�ikhumTcjýwgS�vXMc;� � d�huV	i��p����e�eûaSd�hu��V��
UWVSX¥�Mc;mv�n���;XM�Mh;d�mvg mT¢�XOik��VÇýwgS�vXMc�VSiT�¯i�B ªbÊ �;VwiTabX ¸ ±WiT���;VAm � gÔdfg �=d��v�ScnX �r�A± � d�huV i7òA�¬]ãÈÊ
e�e h;VSd���o½e�df�S�SxfX�aSiTcnh�iTgS�¶¬A���È�vãrÊ9e�e huVSdf��o½XM�S�vXM�%��UWVSdf���;VSiTa|X�c;XM�S�S�%XM�,d�gwiT�`hud�qvX�cnX%�vdfmvgS�
iTgS� d�e�aSc;mrqTX%� huVSX��;aSikhud�iTx�c;XM�;mvxf�Ahudfmvg���UWVAc;X%X�l#df�%c;mTgÉljºâ��[v[QÊF�T[QÊ9îtî¡ÊFÅ�º )�y Ä ýw{bX%cn� � X%cnX
X%e�{bX%�S�AX%�7dfg XOiT��V½ýwgS�vXMc)ikgS�½¢¤XM�½h;m¥i£�;dfgS�vxfX�â�iTe�iTe�ikhu�n� â�¬A�ròvãÈÊ��r��Ý�Å1UÒhuVwikh � iT��c;XOik�
mv�Ah¡{]}£U�à^º ¸ �M±bî�à^º ¸ �tiTgS��ºWºjà ¸ �M�#î �Smv�S{Ax�X`Ê aS�Sxf�;XZýSh � ik�tabX%cÍ¢¤mvc;e�X%��mvg��;d��TgwiTx��WcnX%�Mmvc;�SXM�
{�}>huVSXtºWºjà ¸ ��h;m^ýSgS��abmv�;�nd�{SxfXWaSd�xfX%�Saþ�KUWVSXWhudfe�XW�AXMqvXMx�mvaAe�XMg�h�mT¢bhuVAXtmv�EhuaS�Ah@�nd��vgSiTx�� � X%cnX¡ýSh
� dfhuV¼{bmTh;V¼�;d�gA�vx�X ÊCiTgS�¼�Amv�S{SxfX`Ê9aA�Sx��nXWiT�;�n�Se�aAhudfmvgS�%�Kü ¢bh;VSXjýShnhuX%��aS�Ax��;X � iT�@e�mvc;X#x�d�okX%x�}�h;m�{|Xji
�Smv�S{SxfXWaS�Sxf�;X�iTgS�¼h;VSXWhud�e�X#mk¢|h;VSXW�;XM�%mvgS��aS�Sxf�;X � iT�@�%mvdfgS�%df�SX%g]h � dfh;V¼huVSX��	���SXM�OiO}¼hudfe�Xk±ThuVSX
XMqvXMg]h � iT��c;X8%nXM�Mh;X%����îjhthuVSX��;iTe�X>abmv�;d�hud�mTg¥iT�thuVSX>l#\�VSmp�Smv�n�%mvabXT±�{A�Ah�ikh�x iTcn�vX%c¡cuik�Sd��S� � ik�
iTgSmTh;VSX%c^�;�Md�g]hudfx�x�ikhumvct�%mv�Ag�h;X%cM±zh;VSX�c;d�gA�£qTXMh;m¶~³ß�Þ��`�ªUWVSX�ß�Þ � iT���SXM�;d��TgSX%�½hum�qvX`hum¥aSiTcnh;d��%xfX%�
huVwikh�aSiT�;�nX%�1h;VSc;mT�S�vV£huVSX�l#\�VSmp�Smv�;�MmvabX^ýS{|XMc;�%��UWVSX�ß�Þ � iT�¡�%mTe�abmv�;XM�£mT¢Kh � m1�Oµv� + iTc;�M�tmk¢
¬A���T��e�e huVSdf��o��n�%dfg�h;d�xfx ikh;mvc � dfh;V�iTg�dfgSgSXMc#�Sd�iTe�X`huXMc@qkiTcÍ}pd�gS��¢¤c;mveû�v�rµE��ã^e�e h;m��È�T��e�e iTgA�
iTg1mT�AhuXMc¡�Ad iTe�XMh;X%cWmT¢#�O\�ãE�Æã�e�e��@UWVSX�h � m�ß�Þ X%xfX%e�X%g]hu� � X%cnX>c;X%iT�Smv�Eh¡h;m�ât¬A�rò]ãrÊ��r�¼Ý�Å1U ¸ �
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Hit the edges
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Hit the middle

�Kd��v�Ac;X��r��b Ä ��VSX%e�ikh;d��^�%cnmv�;���;XM�Mh;d�mvg�mT¢zhuVSX�l#\�âtmp�Smv�n�%mvabXT�
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light guide
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�Kd��v�Ac;X^�v�çbKY@gA�	~�xfXM¢øh��@ikgS���nd��SX>~�cnd��vV]h �Kqpd�X � �#mT¢|huVSX�h�ikc;�vX`hO��UWVSXZºWºjà aS�Sxf�;X Ê9�;VSiTa|Xtd�gA¢¤mTc;e�iQÊ
hud�mTg�df�
�S�;XM��h;m�ýwgA��oQiTmvg�iTgS��aSdfmvg��%x��A�nhuXMc;�M±AiT�@�nVSm � g�d�g¼huVAX¡xfXM¢øh
ýw�T�Sc;X��ph;VSXtxfm � XMc@h � m>aAx�mTh;�%±
x iT{bX%xfX%��{�}�¨]iv�0¨)iTgS�_¨v{w�0¨S±piTcnXZºWºjà aS�Ax��;XM�3¢¤mvc3i)oQiTmTg�±piTgS��h;VSXt�AaSa|XMc3h � m�aSxfmThu�M±px�iT{bX%x�XM��{]}¨v�r�8¨�iTgS�è¨v�w�0¨S±þiTc;X>h;VSmv�nX>¢¤mvcZi�aSd�mvgþ�ZU � m£x�ir}TX%cn�ZmT¢�ò�aSx�iT�nh;d����;�%dfg]hud�xfx ikh;mvc;�M±Ãü ÊÍº#mv�Sg]h;X%c�~�üÍºW�
iTgS��ÞtÊFº#mv�Sg]huXMc�~øÞtºW�`±w�;�Ac;c;mT�SgS�£huVSX�h�ikc;�vX`hO�

iTgS��huVSX^�nd��vgwikx�� � X%c;X��;aAx�dfh#huVScnX%X � iO}p�th;m�îZà^º ¸ �%±wU�à^º ¸ ��iTgA�¥ºWºjà ¸ �%�Ë^iTmTgS�W�SgS�SXMc;�vmTd�gS���SXM�OiO}]Ê9d�gpÊ²Wwdf�vV]hO±Sg��S�Mx�XOikcWd�g]huXMcuiT�`hud�mTgS�Wd�g�huVAX��SX%�vc;iT�SXMc¡mTcjhuVwikh��n�OikhnhuXMc
mv�Ah
mT¢b{bXOiTeÒ�Sm�gSmTh�c;XOik��V�h;VSXjh�ikc;�vX`hO�KîtaSaScnmr_Edfe�ikh;X%x�}¼�v�T¹/mT¢Ãh;VSXWd�gS�Md��SXMg]h
oQiTmvgS��abX%gAXMhuc;ikhuXM�
¢�iTc�X%gSmv�A�vVÇdfg�h;m½h;VSX£h�iTcn�vXMh�hum½�uikh;d��Í¢ø}¶huVSX�mvgSxfd�gSX�h�ikc;�vX`h��Mc;d�huX%cnd i	mT¢ ¬ �T�7Å1XMÞ>�3U@}paSd��%iTx�x�}
¬A��ã�� �O�TÀtoQiTmTgS�WX%g]huXMc¡h;VSX�h�iTcn�vXMh�abX%c�{bXOiTe!�;aSdfx�x �õ+.=C !�;EDED/FY<
Ë�ikmvgS�%±C�nx�m � XM�7�Sm � gÉ{�}	h;VSX��SX%�TcuiT�SXMc;�M±KX%g]h;X%c^huVSX��;�Md�g]hudfx�x�ikhudfgS��ýw{bX%c^h�ikc;�vX`h^x�mp�Oikh;X%�½d�g	huVSX
�%X%g]h;X%c�mT¢¡huVSX£�;abX%�`hucnmve�X`huXMc%�,Ë^iTmvgS�¼xfmv�;X�XMgSX%cn�T}v±3�%mve�X�hum cnX%�nh%±#ikgS� �AX%�OiO}¶dfg¶huVSX�huiTc;�vX`hO�
UWVSX�h�ikc;�vX`h¼�%mvgA�;d��Íhu��mk¢t\A�r¬	ãÈÊ e�eð�n�p�SiTc;X£iTgA�,¬A�f�`Ê9e x�mvgA��aSx ik�nhudf���n�%d�g]h;d�x�x�ikhudfgS��ýw{bX%c;�)huVwikh
iTc;XZ{A�SgS�SxfX%��hum�¢¤mvcne!i��r�ÈÊ9�Meô�Sd�iTe�XMhuXMcj�M}pxfd�gS�SXMc%�
î g��Se>{|XMcWmT¢z�;e�iTx�xfX%c@ýw{|XMc;�)~��%iTx�xfX%�_¨TX%�S�vX
ýw{|XMc;�£¨���ikc;X�ýwx�xfX%�½d�gÉh;VSX��]iTaS��gSXOikc)huVAX�mv�EhuX%c�X%�A�vX�mT¢#huVSX�h�iTcn�vXMh%�£Y
gS� iTgA� �;df�SX�qpdfX � �>mk¢
huVSX�h�iTcn�vXMh�iTc;X��;VSm � g¶d�g3�Kd��T�Sc;X��v�v�1Y@iT��V¶mT¢jh;VSX�ãE��QÊ e�e ýw{bX%cn��d����%mTgSgSX%�`huXM�,h;m�i�Ý�Å1U�±
� VSX%cnXOiT�@huVSX�XM�S�vXWýw{bX%c;��iTcnX��vc;mv�Aa|XM��dfg]hum��È��iTgS��XOik��V��vcnmv�Sa�mT¢bhuVSX�X%�A�vXWýw{|XMc;�@d��@�MmvgSgSXM�MhuXM�
hum	i¥�nd�gS�Tx�X�Ý3Å�U���UWVSX£Ý�Å1UW��iTcnX�c;X%iT�¶mv�Ah>{]}7î�à^º#�%±@U�à^º#�¼iTgS�¶ºWºjàZ�%� Ë^iTmvgS�M± � VSmv�nX
qvX%xfmE�Mdfh;d�X%�#iTc;X��;e�iTx�x³±�h9}paSdf�OiTxfxf}�x�mT�;X�i�x�iTc;�vX�iTe�mv�Sg]hjmT¢zXMgSX%cn�T} ~ø¢¤X � huXMgS�tÅ1XMÞ��3d�g�X%iT��V�ýw{|XMc%±
� VSd�xfX)aSdfmvgS��¢¤c;mve�oQiTmTg��SX%�%iO}E��x�mv�nX�iT{bmv�Ah)�¼Å1X`Þ5abX%ctýS{|XMc%±b�;d�gA�%X)h;VSXM}�huc;iOqvX%xKiT�¡e�dfgSd�e��Ae
d�mvgSdf�%dfgS��aSiTcnh;d��%xfX%�>~ Å1üFÝ
�u�`�^ÝKiQh;huXMc;g	cnX%�%mT�vgSdfh;d�mvg1d��¡a|XMcn¢¤mvcne�XM�¥hum�ýwgS��ýw{bX%cn��huVwiQhZ{bX%x�mTgS��hum
i£oQiTmTg ¸ �^awiQhuV½mvc�i£aAd�mvg ¸ �^awikh;V���UWVSX�ºWºjàñaS�Sxf�;X�d�gA¢¤mTc;e�ikhudfmvg�d����A�;X%�½hum£ýwgS�½�%xf�S�nh;X%c;�^¢¤mvc
okikmvgS��~�oQiTmvg ýw{bX%c;�u�)iTgA�7aSdfmvgS��~�aSdfmvg ýw{|XMc;�u�`��îñ�Smv�S{SxfX`Ê aS�Sx��nX�ýAh;hudfgS�£d���a|XMcn¢¤mvcne�XM�½h;m1ýwgA�
huVSX�ýw{|XMc � VSXMc;X�i��	� ¦ § �½�SX%�%ir}1qvXMcnhuX _	df�txfmE�%ikhuXM��iTgS�1hum�XM�nhudfe�iQhuX^huVSX)X%gSXMc;�T}1x�mv�n�ZiTgA�
cuiTgS�TX�mT¢=h;VSX^aSd�mTg�VAd��S�SXMg1dfg�huVSX^oQiTmvg�ýw{bX%cM�

UWVAX½ýw�A�S�%d�iTx^c;X%�Td�mvg mT¢)huVSX h�iTcn�vXMh�df���AXMýwgSXM� {]}Ôh � m x iO}vXMc;��mT¢¼ò,aSx�iT�nh;d��`Ê �;�Md�g]hudfx�x iQhud�gA�
�%mv�Sg]h;X%c;�=huVwikhK�;�Scnc;mv�AgS�>huVAX#h�iTcn�vXMhj~��nX%X+�=d��v�ScnXt�T�È�`�zUWVSXjdfgSgSX%c=�;�Md�g]hudfx�x iQhumvcn�%±È�OiTxfx�XM�)ü ÊFº#mv�Sg]huXMc
~�üÍºW�`±bh�iT����VwiTcn�vX%� �SXM�OiO}¥aAc;mp�S�S�Mh;�Z¢¤mvcti�huc;df�v�vXMct{bXM¢¤mvcnX)h;VSXM}1X%g]huXMcZhuVSX>�Sc;d�¢øh���Vwike�{|XMc%�ZUWVAX
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�=d��v�ScnX¼�È��b Ä ��VAX%e�ikhudf�ZqEdfX � mT¢=h;VSX��tx�hucui¼UWVSdfg1º#VwiTe�{bX%cM�
üÍºÇd��3òA�\QÊ9e�e huVSdf��o�iQhWiTg�d�gSgSXMc#c;iT�Sd��A�3mT¢zòE�Æ���%e�±AiTgA��X`_phuXMgS�S�¡�k\)�%eñ�Sm � gS�nh;c;X%iTeñ¢¤cnmve5huVSX
�SaS�nh;c;X%iTeï¢�iT�MX¼mT¢@huVSX�huiTc;�vX`hO�>Y�ik��VÉ�n�%d�g]h;d�x�x�ikhumTc¡df��d�gS�Íhucn�Se�XMg]huX%� � d�huV i£Ý�Å1U�±CiTgS� d���c;XOik�
mv�Ah�{]}�ikg�î�à^º�±Ei^U�à^ºÇiTgA��i)ãT�v�)Å¥ât�¡hucuikgS�;dfX%g]h#�Ad��vd�hud��MX%c�{SiT�;XM��mvg�WÃiT�;V�îZà^º ~¤U�à^���¾¬vµ$! �
UWVSX¼mv�Ah;X%c��;�Md�g]hudfx�x�ikhumvcn�%±b�OiTxfx�XM��huVSX�Þ¡ÊÍº#mv�Sg]h;X%c�~¤ÞtºW� ±�mrqvXMc;x ika h;VSX¼�Sm � gS�Íhuc;X%iTe XM�S�vX�mT¢@huVSX
üÍº/{]}	ò�e�e�±�iTgS�	�nX%cÍqvX¼hum��SX`huXM�Mh�awiTcÍhud��Mx�XM�thuVSikh^�SX%�%iO}��Sm � gS�Íhuc;X%iTe mT¢@h;VSX�ýw�S�S�Md iTx=c;XM�vd�mvg
mT¢@huVSX�huiTc;�vX`hO�^UWVSX¼Þtº d��^ãÈÊ e�e�h;VSd���o¥iTgS�¶�v�[vòQÊ e(xfmvgS�S±þiTgS� d��Z�Íh�iT�T�vX%cnX%� � dfh;V	c;X%�na|XM�Mh^hum
huVSX�üÍº��ÃY@iT��V��;�Md�g]hudfx�x iQhumvc�d��jdfgS�nh;c;�Se�X%g]h;X%� � dfhuV£i�Ý�Å1U�± � VSdf��V1df�jc;X%iT�£mv�Ah�{]}£iTg£î�à^º�iTgA�
i�U�à^º��õ+.GF !�DG;EKIH�50>JD¡1K"A;*ý%LXFéD
UWVSX�hucuik��opdfgS����VwiTe�{bX%cWdf��iTx��nm¼�OiTxfx�XM�©¨ �tx�hucui�UWVAd�g1º#VwiTe�{bX%c£¨1~��tU¡ºW� ± � VSd���V�d��WxfmE�%ikhuXM��%n�S�nh
mv�Ahu�nd��SX@mT¢EhuVSX�üÍº��QUWVSX � VAmvx�X@�;abX%�`hucnmve�X`huXMcKd��Cdfg)i��3UzX%�nx i¡e�iT�TgSXMh;d���ýwXMx����=Ý=mv�ndfh;dfqvXMxf}���VSiTc;�vXM�
awiTcnh;d��Mx�X%�¡iTcnX){bX%g]ht�%xfmE��o � d��nX)dfg�h;VSX)qpdfX � ¢¤cnmve �Sm � gS�Íhuc;X%iTe��WUWVSX>aScnd�e�iTcn}�¢¤�SgS�Mh;d�mvgA�¡mk¢�huVSX�tU¡º¯iTcnXte�mve�X%g]hu�Se e�X%iT�;�ScnX%e�X%g]hu�3mT¢ª��Vwikc;�vXM��awiTcÍhud��Mx�XM�3ikgS��h;m>aScnmÈqpdf�SX�i�e�iQhu��VSdfgS�)mk¢�huVSX
hucuik��op��{bXMh � X%XMg¥huVSX�huiTc;�vX`h¡iTgS�£huVSX�ß¡iTgS�vX Ä h�iT��o½~�ß Ä � �

UWVAXZ�tU¡º VwiT��i�x�X%gA�ThuV�mk¢3ãE���%e(iTgS�	dfgSgSXMcZiTgS�	mT�AhuXMcZcuiT�Ad�dCmT¢3�E�µ]ã��MeïiTgA�	\]¬A�¬A�>�Me1±
c;X%�na|XM�Mh;dfqvXMxf}T�
UWVSXA�¡U¡ºÇd����%mve�a|mT�;X%��mT¢
�È�^x iO}vXMc;�3mT¢��Scndf¢øh��%XMx�xf�%±p�vc;mv�Aa|XM��d�g]h;m>¬��;�SabX%c3x iO}vXMc;� �
huVSX�d�gSgSXMc)�n�SabX%c>x�iO}vX%c)VwiT�)\�x iO}vXMc;�)mT¢W\]µ��%X%xfx��M±=huVAX�e�d��S�SxfX��;�SabX%c)x iO}vXMc>VwiT�)\¥x�ir}TX%cn��mT¢�[vò
�%X%xfx��M±AiTgA��huVSXtmv�Ah;X%c#�n�SabX%cjx�ir}TX%c3VwiT�#\>x iO}vXMc;�jmT¢��O\v\>�MX%xfx���~¤�;VSm � g�dfg_�Kdf�v�Sc;X��È�v� �
Y@iT��V��%XMx�xbd��
�%mve�a|mT�;X%��mT¢|[ � d�cnX%�
�Íhu�SgS��iQ_Ed�iTx�x�}��vi^�nd�gS�Tx�XjikgSmE�AX � d�c;Xk±]e�ik�SXWmT¢b�vmvxf�EÊ9�Mm]ikhuXM��hu�SgA�v�nh;X%g � dfhuV
�T�QÊ¹Üþe(�Sd�iTe�XMhuXMc%±Cd����n�Sc;cnmv�SgS�AX%�7{]}½µ��OiQhuVSmp�SX � d�cnX%�^e�ik�SX�mT¢#�Tmvx��EÊ �%m]iQhuX%� ikx��Se�d�g��Se � dfhuV
�r�v�QÊ²Ü�e �Sd iTe�XMh;X%cM± � VSd���V,iTcnX£iTc;c;iTgS�vXM�¶d�g,i�¨v�n���wiTc;Xl¨S�7ît�$%;iT�MX%g]h��%XMx�x��>�;VwiTcnX�huVSX��%ikhuVAmE�SX
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� d�c;XM�@ikh
huVAX¡{bmv�SgA�wiTc;dfX%�M��UWVSX��%XMx�x��
dfg�XOiT��V�x iO}vXMc�iTc;XW�Íh�iT�v�TX%c;XM��{]}¼mTgSX`Ê VwiTxf¢|�%XMx�x � d�huV�c;XM�;abX%�`h
hum�h;VSX>gAX%d��TVp{bmvcnd�gS��x iO}vXMc;��dfg¥mvcn�SX%c¡hum�c;X%�nmvxfqTX¼i�xfXM¢øhÍÊ9c;df�vV]htiTe�{Sdf�v�Sdfh9}T�WUWVSX��n�Sa|XMcZx iO}TX%c;��iTc;X
ýwx�xfX%� � d�huV7i¥e�dÌ_phu�ScnX�mT¢�ikc;�vmvgÔ~�\][A�ò]¹��`±=XMh;VwiTgSX ~¤\][A�ò]¹��)iTgA� XMh;VwiTgSmvx�~³�E�Æµ]¹��^�]iT�;XM�%��UWVAX
�Oikh;VSmE�AX � d�cnX%��iTcnXZ�vc;mT�SgS�SXM��±wiTgS��h;VSX^iTgSmp�SX � dfc;XM�WiTc;X�e�iTdfg]h�iTdfgSX%��iQh��>o]Þô~��]ikd�g�^/µ����r� Ú ±
�Sc;d�¢øhZqvXMx�mp�%dfh9}è^!ã��%e��Ü��u�`�¼Y@iT��VÉiTgSmp�SX � dfc;X¼d���dfgS�nh;c;�Se�X%g]h;X%� � dfh;VÉikg½î�à^º ikgS�7i�U�à^º��
UWVSX^�Sc;d�¢øhWhud�e�X�h;m�h;VSX�iTgSmp�SX � d�cnX%�WaScnmÈqpdf�SX%�>~qÉé�NMA�3abmv�;d�hudfmvgS�j¢¤mvcW��Vwikc;�vXM��h;cuiT��o��%�

UWVAX�d�gSgSXMc¼iTgS�,mv�EhuX%c>cuiT�Sdfd3mk¢tX%iT��V,�;�SabX%c�x�ir}TX%c�VSirqTX£VSX%xfd��Oikx#iTcncuiO}p�¼mT¢��OiQhuVSmp�SX��nh;c;dfaS�%±
� VSmv�;X�aAdfhu��VpÊFiTgS�Tx�X�df�>\�ã�+%� UWVSX��nh;c;dfaS�%± � VSmv�nX � d��Ah;V¶d����¥e�e�±�iTcnX�e�iT�SX�mT¢^�r�T�v�QÊ >îôhuVAd���o
�%mvaSabX%c¡�%mvikhuXM� � dfh;V�¬v�T�QÊ >î huVAd���o�gSdf��oTX%x³±biTgS��e�mv�Sg]huXM�¥mvg1i��TãÈÊ¹Ü�eôhuVSdf��o£Ë�ikaAhumvg�¢¤mvd�x³�3UWVAX
�;X%aSiTcuikh;d�mvg£{bXMh � X%XMg1huVAX��Íhucnd�aS��d����^e�e1�KUWVSX)�%ikhuVAmE�SXZ¢¤mTd�x��#VwiOqvX�\]µA±Ã�v�p±��r�vµA±þ�O\v\S±��Oµv�A±wiTgA�
�E�ròj�nh;c;dfaS�ª¢¤c;mve�huVSX@d�gAgSX%c�h;m¡h;VSX@mv�AhuXMcªx iO}vXMc;�M±Tc;XM�;abX%�`hudfqTX%x�}v�KUWVAX:ª¼abmv�;d�hud�mTg�mT¢SiW��Vwikc;�vXM��h;cuiT��o
d��^e�X%iT�;�Ac;X%�É¢¤c;mve h;VSX���VSiTc;�vX Ê � X%df�vV]huX%�7e�X%iTg7mT¢3huVSX��%xf�S�nh;X%c�mT¢jVSd�h>�Íhucnd�aS�M��UWVSX�cnX%�nmvx��Ah;d�mvg
¢¤mvc#i��`Ê a|mv�ndfh;d�mvg�e�X%iT�;�Ac;X%e�X%g]h#d��jik{|mv�Eh��te�e���Y@iT��V��%ikhuVSmp�SXt�nhucnd�a�d��#dfgS�nh;c;�Se�X%g]h;X%� � d�huV�ikg
îZà^º iTgS�1i�U�à^º��

UWVAX%c;X�iTc;X>��dfgwiT�Mh;dfqTX)cnX%�vdfmvgS��ýwx�xfX%� � d�huV1gSdfh;c;mv�vXMg1�viT��{bXMh � X%XMg�huVSX>¬��;�Aa|XMc�x iO}TX%c;�M�tUWVAX
�Sd¦¥|X%cnX%g]hud�iTx|aAc;X%�n�;�ScnX�d�g�h;VSX�ã)�]ik�#qvmvxf�Se�X%�#�n�SaSabmvcnh;�jhuVSX��Oikh;VSmE�AX�¢¤mvd�xf�Z~¤X`_E�%xf�S�SdfgS��huVSX�d�gSgSXMcÍÊ
e�mv�Íh�iTgA��mv�Ah;X%c;e�mv�ÍhZ¢¤mvd�xf�%± � VSdf��VÉikc;X>VAX%x��	dfg¥aSx�iT�%X>{�}1�;�AaSa|mTcnhZh;�S{|XM��� ��UWVAX>humThuiTxze�iT�n�Zd�g
huVSX�ik�Mhud�qvX�cnX%�vdfmvg mT¢T�¡U¡º(~¤X`_E�%xf�S�SdfgS�¥huVAX�d�gSgAX%c¼iTgA�¶mv�AhuXMc>�n�SaSabmvcnh¼h;�S{|XM�¼iTgS�¶dfgSgSXMc;e�mv�nh
iTgS�½mv�AhuXMc;e�mv�nh�¢¤mTd�x��u��iTe�mv�Sg]hu��h;m¥�|�¡�r��·pÂ)c;iT�Sd iQhud�mTg	x�X%gA�ThuVS�M��UWVSX�e�mve�X%g]hu�Aeïc;XM�;mvxf�AhudfmvgS�
~���Ù z Ù>�j¢¤mvc¡huVSX�h � m�{bmE�E}1�AX%�OiO}p�^��ÿ � iTgS����� � iTc;X��v�f�r¹ûikgS� �v�¬]¹�±þcnX%�;abX%�`hud�qvX%x�}v��àZXMh�ikd�x
d�gA¢¤mvcne�iQhud�mTg��Oikg1{bX^�;X%XMg¥XMx��;X � VSX%cnX_� ¬v[&! �õ+..O BC;*>JDÖFQP+<=;EKIH
ä�Rfù�R�Ö S R]Ü Ø LÈÜ³ê�ê¤PALrÙÃN � Ù|Û Ø L è NQJ
UWVSX>ß¡iTgS�TX Ä h�iT��o½~�ß Ä �j�n�%d�g]h;d�x�x�ikhumTc#�%mT�Sg]huX%cn�ZiTcnX^�S�;XM�1hum�e�XOiT�n�Sc;X�huVAX)XMgSX%cn�T}�iTgS�1cuiTgS�TX�mk¢
��VwiTc;�TX%�¼awiTcÍhudf�%x�XM��iTgA��hum�mv{S�nX%cÍqvXjhuVAX § � ¦ Üª� ¦ ï ���SX%�%ir}>�;XM�p�AX%gS�MX¡¢¤mvc=awiTcÍhud��Mx�X�d��SXMg]hudfýS�OiQÊ
hud�mTg��KUWVSX�ß Ä d���x�mp�OiQhuX%�V%n�S�Íhjmv�Ehu�;df�SXWhuVSX��tU¡º¯iQhjiTg�d�gAgSX%c�cuiT�Ad��S�@mT¢þ\�ãE��vµ��MeñiTgS��iTg�mv�EhuX%c
cuiT�Sdf�S�WmT¢KµT\S�ò]���%e��
ü h��%mvgA�;d��Íhu�¡mT¢3�r[¼x iO}vXMc;��mT¢=aSx iT�Íhudf���;�%dfg]hud�xfx ikh;mvc;�M±Aik�%d�e>�AhuVwikx�xf}��nX%�ve�X%g]huXM�
d�g]hum��Q\��;XM�MhumTc;�¡iT�j�nVSm � g�dfg©�Kdf�v�Sc;X)�r¬A�*�wmv�Sc3�%mvg]h;d��v�SmT�S�j�;XM�Mh;mvc;�)~�d³�Xk�f±p�;XM�Mh;mvc;�^�MÊ \S±SãrÊFµA±EXMhu�k���
iTc;X��vcnmv�SabX%�¶dfg�h;m	�nVSX _EhuiTg]hu�£¨½¢¤mvc¼cnXOiT�,mv�Eh�iTgS�¶hucnd��v�TX%c;dfgS��aS�Ac;abmv�;XM�%�¶UWVSX��n�%d�g]h;d�x�x�ikhumTc;�>mk¢
x iO}vXMc;���ÈÊ��Oµ VSirqTX�i	huVSdf��o�gSX%�n��mT¢>�v�[v�]ã��%e iTgA�Çi x�XMgS�ThuV,mT¢>�rµ]���%e�� UWVSX1�n�%dfg�h;d�xfx ikh;mvc;��mk¢
x iO}vXMcZ�r[>VwiOqTX^i>huVSdf��opgAX%�;��mT¢@���Me��phuVSdf�#x�ir}TX%cjdf�je�iTd�gSx�}��S�;XM��hum>qTXMhum���Vwikc;�vXM��awiTcnh;d��Mx�X%� � dfhuV
cuiTgS�TX>x�mTgS�vX%c�huVSiTg�huVwiQhZX`_EabX%�`huX%�	¢¤mvc¡huVSX § �7¢¤c;mTe(�	� ¦¨§ � ©=«© �tUWVSX¼�;�Md�g]hudfx�x iQhud�mTg�x�d��TV�htd�g
huVSX)x iO}vXMc^�ÈÊ��O[��%mT�Sg]huX%cn��d��¡x�XM��{]}�yª�S�MdfhuX)x�df�vV]h��v�Ad��SXM�thum�Ý3Å�UW�^ikhZ{bmThuV1huVSX��AaS�nh;c;XOikeïiTgA�
�Sm � gS�nh;c;XOike X%gS�A�%�
UWVSX�d�gAgSX%cne�mv�Íh
�%mT�Sg]huX%cn��iTc;Xjh;VSXWhuc;df�v�vXMcÍÊ9�Mmv�Sg]huXMc;�¡~¤U#Ê9�%mT�Sg]huX%cn���
iTgS��VwiOqTX
i�h;VSd���o�gSXM�;�)mT¢WòA�¬]ã�e�eðiTgS�Éi�x�X%gA�ThuV½mT¢jãv�£�Me1��UWVSX�U#Ê9�Mmv�Sg]huXMc;�>iTc;X¼huVAd�gSgSXMcZhuVwikg7x iO}TX%c;�
�ÈÊ��r[�h;m��;�SaAaSc;XM�;�3h;c;df�v�vX%cn���S�SXWh;m�aSVSmTh;mvg��%mvg]qvXMc;�nd�mvgS�M� Ä XMqTX%g]huXMX%g��Oe�e �Sd iTe�XMh;X%c,)�y Ä ýw{bX%cn�
~³l#df�%c;mTg�e>�Sxfh;d�Ê9�Mx iT��lWºâ�zÊF[v�v� � dfhuV�i�aSdfh;��V¥mT¢KòA�[Te�e�iTc;X^XMe�{|XM�S�SXM�¥d�g�XOik��V¥�;�Md�g]hudfx�x�ikhumvc#iTc;X
�vc;mv�Aa|XM��h;m>d�xfx��Se�d�gSikhuX3i)�nd�gS�vxfX�Ý�Å1U¯¢¤mvc@XOiT��V�X%gS���
UWVAXtU#ÊFº#mv�Sg]huXMc;�WiTxf�;m^�SX`ýwgSXth;VSX�ýw�S�S�Md iTx
c;X%�Td�mvg£iT�t� § �nc¡�nmvx�df�£iTgS�vxfXT±SgAXOiTcnxf}�h;VSX^�uiTe�X^iT�WhuVSX^�nmvx�df�EÊFiTgA�vx�X�iT�%�MX%aAhuiTgS�%X�mT¢,�tU¡º��

UWVAX��nd��vgSiTxk¢¤cnmveúX%iT��V)Ý3Å�U7mT¢�huVAX@ß Ä �;�Md�g]hudfx�x�ikhumvcn�|df��awiT�n�;d�qvX%x�}��;aAx�dfhK�çbÆ��b��3¢¤mTcªîZà^ºVb¾U�à^ºVbU�à
c;XOik��mv�AhO� Ä d��vgwikx��@¢¤c;mveñ\�Ý�Å1UW��ikhjh;VSX��uiTe�X�XMgS��±w�;iTe�XtVSX`_phuiTg]h�ikgS���uiTe�XZx�ir}TX%cWikc;XZe��AxfhudÌÊ
aSx�X _AXM��iTgA��cnXOiT��mv�Ah�{]}�i��nd�gS�vxfX�U=c;iTgS�;dfX%g]h3àZd��vd�hudf�%X%cW~�U�à^���¾¬Tµ�! �KUWVSXtU�àZ��c;XM�%mvcn��h;VSXt��VSiTc;�vX

�r�



Downstream view of Range Stack
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gS��qpd�X � mT¢|huVSXtßtikgS�vX Ä h�iT��oÃ�
U � m>x�ir}TX%cn�#mT¢|huVSXtßtikgS�vX Ä h�ik��o Ä huc;i � º#VSiTe�{bX%c;�
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d�gÉ��gS�)dfg]huX%cÍqkiTx���~³ãT�v��Å¥ât���uike�aSxfd�gS�]�¡d�g½iÉ~øÊ9�A��ãp± � �E��]�0Üþ��d�g]huXMcnqkiTx
iT{bmv�Ah^h;VSX¼huc;df�v�vXMcZhud�e�X
� dfhuV�i^c;X%�nmvx��Ehud�mTg�mT¢�µT{Sd�hu�t~³�QÊF�vãvã��%mv�Ag�h;��� �
UWVSX�ãT�T�>Å¥â¡�t�;iTe�aSx�dfgS�^aSc;mrqpd��SXM�3�n��Õ��%dfX%g]hjaS�Ax��;X
�;VwiTabX�dfgA¢¤mvc;e�ikh;d�mvg	hum¥{|X�iT{Sx�X�hum��nX%awikcuikh;X�aS�Sxf�;X%�)¢¤c;mve �Sdr¥þXMc;X%g]h¼XMgSX%cn�T}É�SX%abmv�;d�hu�¼ik�>�%xfmv�;X
iT��ãkgS��iTawikcnh�iTgS�,XMgwiT{SxfX��SXMh;X%�Mh;d�mvg mT¢¡huVSX § � ¦ Üª�Ô�SXM�OiO} ¢¤mvc¼awikcnhudf�%xfX�d��SXMg]hudfýS�Oikh;d�mvg,iT�
�SX%�n�%c;df{|XM��d�g Ä X%�`hud�mTg�¬A�ÆãE�Æ¬E��UWVSXZ�]iQhuX � df�AhuV�mT¢ªhuVSXtU�àZ�jd���gwiTcnc;m � X%c#h;VwiTg�h;Vwikhjmk¢ªhuVSXtU�à^º#�
d�g�mvc;�AX%c�hum�c;XM�S�S�MX¡h;VSX��wikh�i��nd��%Xk��U�àú�nd��vgSiTx��@iTcnXW�SX%e>�Sxfh;d�aSxfX`_EX%��m*9�d�gAXW�S�;dfgS�)U�à^º,d�gA¢¤mTc;e�iQÊ
hud�mTg��KUWVSX�îZà^º#��~�yªXrº#c;mr}�\]¬v�v�v�
cnX%�Mmvc;����VSiTc;�vX�d�g�i�~øÊF�T�A± � µvãv��gS�#dfg�h;X%cÍqTikx|ik{|mv�Eh3h;VSXth;c;d��T�vX%c
hud�e�XT±viTgS��huVSX�U�à^º#��~³yªXrº#cnmÈ}�¬T¬]�v�v�=cnX%�Mmvc;���Sa�h;m��rò�VSdfh;��dfg�i�~ ÊF�A�ÆãE± � �r�A��]�0Ü��Kd�g]huXMcnqkiTxÃiT{bmv�Ah
huVSX^hucnd��v�vXMcWhud�e�XT�WUWVAX>x ikc;�vX�hudfe�X^dfg�h;X%cÍqTikx=iQ¢øhuX%c�huVAX�h;c;d��T�vX%cW¢¤mvc�huVSX)U�à^º#�ZiTxfx�m � ���SXMh;X%�`hud�mTg
mT¢
huVSXXÜ � ¦ ï � �SX%�%iO},~ Ä X%�Mh;d�mvg ¬E��ãE�¬]� ��UWVSX�hudfe�X�mT¢�i�VSd�hZd�g1huVSX¼ß Ä �%mT�Sg]huX%cn��d��ZmT{Ah�iTdfgSX%�
¢¤c;mveñhuVSX�iOqvXMcuiT�vX�mT¢zhuVSX^�SaA�nhucnXOiTeûikgS�1�Am � gA�nhucnXOiTe�U�à^ºÔhudfe�XM�%±wiTgA��h;VSX^��abmv�ndfhudfmvg�mT¢zhuVSX
VSdfhWdf��mv{Ah�ikd�gSXM�£¢¤cnmveôh;VSX�hudfe�XZ�Ad¦¥|X%c;XMgS�%Xk�

Ý
dfmvgS��¢¤c;mTe �	� ¦á§ � ©=«© �SX%�%ir}¯VwiOqvX½i e�iÈ_Adfe��Se e�mTe�XMg�h;�Se mT¢>�v�v�¶Å1X`Þ�*�	iTgA� i
e�iQ_Edfe��Se cuiTgS�TX	d�g aSx ik�nhudf�	�;�Md�g]hudfx�x iQhumvc�mT¢ ¬ \]�¶�%e��5UWVSX humThuiTxZcuik�Sd iTx¡huVSdf��o�gSX%�n�¥mT¢�huVSX
ß Ä iTgS��h�iTcn�vXMh�d���\�ã¶�%e��!îtx�e�mv�nh1iTxfxZmT¢>h;VSX7aAd�mvgS�M±Z{bX%g]h¥dfg i��ÉUzX%�nx i e�iT�TgSXMh;d���ýwXMx���±
huVSXMc;XM¢¤mTc;X�x�mv�nXjhuVSXMd�c
XMg�h;d�cnXWopdfgSXMh;d��WXMgSX%cn�T}�iTgS���%mTe�Xjh;m�cnX%�Íh3dfg¼huVSX¡ß¡iTgS�vX Ä huiT��oÃ��º#mvg]qvXMc;�;XMxf}T±
e��SmvgS�¡¢¤c;mveû��� � �AX%�OiO} ~��XîA~³�	� ¦ Üª� © �v�â^ òT¬A�\]¹?�¾ò�! �tiQh�cnX%�nhZVwiOqvX¼i�e�mve�X%g]h;�SeûmT¢��T¬vò
Å1XMÞ}*�tikgS��i>c;iTgS�vXtmT¢zãk\S�¬)�Meôdfg�aSx�iT�nh;d��¡�;�Md�g]hudfx�x iQhumvcl�vhuV��S�j{wik��op�Tc;mv�SgA��¢¤c;mve ��� � �SXM�OiO}p�Wd���;�SaSaAc;X%�n�;XM��{]}�c;XM���Sd�cnd�gS��huVwikh�huVAX���VwiTcn�vX%��hucuik��o��Mmve�X�hum)c;XM�nhjdfg�h;VSXZß Ä �pyªm � X%c#e�mve�X%g]h;�Se
e��SmvgS�^¢¤c;mTeð�	� ¦ Üª� © � ³ iTgS� �	� ¦ Üª� § ¸ © ���SX%�%ir}p�£~p�XîA~³�	� ¦ Ü�� © � ³ ��^!�A�Æãvãv¹ïiTgA��XîS~�� ��¦ Ü �Ã§ª¸`© ���â^/¬A�Æ�v�v¹?� ò�!ø�¡iT� � X%xfxKik�te��AmvgS�t¢¤cnmveûaSd�mTg1�SXM�OiO}1d�g�WSd��vV]ht�%mv�Sxf�¥�Mmve�X
hum�c;XM�nh¡d�g�huVAX)ß Ä iTgS�1iTc;X^gSmkh��;�SaSaAc;X%�n�;XM�	{�}�huVSdf�Wc;X%���Sdfc;XMe�XMg�h%�

°Z{S�nX%cÍqTiQhud�mTg)mT¢EhuVSX §C�1¦ Ü �1¦ ïr� �AX%�OiO}��;XM���SX%gS�MXjd�g^huVAX3U�àZ�=iTgS��U�à^º#�=mk¢AhuVAX3�Mmv�Sg]huXMc
� VSX%cnX�h;VSX § � �ÍhumvaA��~¤�OiTxfx�X%�	h;VSX��nhumTaSaSd�gA�1�Mmv�Sg]huXMc��^iT�^�SX%�n�%c;df{|XM�7dfg Ä X%�Mh;d�mvgÉ¬A�ÆãE�¬£aAc;mrqpd��SXM�
a|m � X%cn¢¤�Axªd��SXMg�h;dfýw�%ikhudfmvg�mT¢zhuVSX^aSdfmvg��

ä�Rfù�Rfä S LrNÈPUT � ìzPSé I è NQJ
ßtiTgA�vX Ä huiT��o Ä h;cui � º#VSiTe�{bX%c;��~�ß ÄAÄ º#���WiTcnXZx�mp�Oikh;X%�£ik¢øh;X%cjx�iO}vX%cn�^�r�¼iTgS� �O\¼dfg�huVSX^ß Ä �AUWVAX
d�gSgSXMc�~¤mv�Ah;X%c���ß ÄSÄ ºô�MmvgS�;df�nh;��mT¢Zh � m �Íh�iT�v�TX%c;XM�Çx�ir}TX%cn��mT¢��Q\¯~³�Tµ]�¼�nhuc;i � ��abX%c��nX%�`humvc � dfhuV
i¥x�XMgS�ThuV,[v�E�Æµ ~Í�v�r¬E�Æ�]�^�%e��	UWVSX��nh;cui � hu�S{bX%�¼VSirqTX£i�cuiT�Ad��S�)mT¢t¬A�Æ¬1e�e iTgS�¶mvabX%c;ikhuX � dfhuV
ò]�v¹ iTcn�vmvg�ikgS��¬v¬v¹ d��;mT{S�Ah�ikgSX�e�d�_phu�Ac;X�{S�S{S{Ax�X%��huVScnmv�S�vV � ikh;X%c#dfg��nX%x�¢ Ê9���SX%gA��VSd�gS�>�nhucnXOiTe�X%c
e�mp�SXT�ê) d�c;XM��d�g�gSXMd��vV�{bmvc;dfgS�¼��VwiTe�{bX%cn� � XMc;X^�%mvgAgSX%�`huX%�¥ikhWhuVAX��SaS�nh;c;X%iTe X%gA�¥iTgA�1cnXOiT�EÊ mv�Ah
¢¤c;mveûhuVSX>�Sm � gS�nh;c;XOike X%gS�þ�)UWVSX�h;d�e�X>�Sdr¥þXMc;XMgS�%X¼ik� � XMx�x�ik��huVSX¼cnX%x�ikhud�qvX>aA�Sx��nX¼VSX%df�vV]h�cuikh;d�m
aSc;mrqpd��SXM�WV�d�gA¢¤mvcne�iQhud�mTg � d�huV¼iZcnX%�;mTx��Ah;d�mvg�mk¢ ¬ �O�Me1��UWVAXWa|mv�ndfh;d�mvg)mT¢whuVSXWVAdfh��Íhuc;i � �
aAc;mrqpd��SXM�
huVSX¼ik�%d�e>�AhuVwikxzabmv�ndfhudfmvg¥dfgA¢¤mvcne�ikh;d�mvgþ�WUWVSX�ß ÄAÄ º#��iTcnX��S�;XM��hum�ikd���dfg1huVAX��SXMh;X%cne�dfgwikhudfmvg¥mk¢
huVSX�huc;i&%nX%�`humvcÍ}£iTgS�£huVAX�c;iTgS�vX�mk¢�i���VwiTcn�vX%��awiTcÍhud��Mx�XZdfg�huVSX�ß Ä �Ó\]�$!³�

Y
gSXMc;�T} iTgS�¶c;iTgS�vX�e�XOik�;�ScnX%e�X%g]hu��mk¢t��VSiTc;�vXM� huc;iT��o��%±3iT� � X%x�x#iT�>h;VSX�e�mve�XMg]hu�Se e�XOiQÊ
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UWVSX�x�X`qvXMx�Ê��T�g½huc;df�v�vXMc � iT���%mTe�abmv�;XM� mT¢Wh � m	�%mve�abmvgSX%g]h;�%±
x�X`qvXMx�Ê��T�f��iTgS�ÉÊu�v���£huc;df�v�vXMc;�^huVwikh
d�g]qvmvx�qvX�awiTcÍhud�iTxKaScnmE�MX%�n�;d�gA�1mT¢#îZà^º/iTgS�½U�àô�wiQh�iA±ziTgS� mvabX%c;ikhuXM�ÉmTg½h;VSX�x�m � XMc^cuikh;X�X`qvXMg�h;�
huVwikh�awiT�n�thuVAX�x�X`qvX%xÌÊF��huc;df�v�vXMc%��UWVSX�xfXMqvXMx�Êu�v�f��hucnd��v�vXMctdfg]huc;mp�S�S�MX%� �O� �A�T��Ü���mT¢@�AXOiT�¥h;d�e�X)abX%c
x�XMqTX%xÌÊF��hucnd��v�vXMc%�
UWVSX�x�X`qvXMx�Ê��T���>hucnd��v�TX%cWd�g]h;c;mp�S�S�%XM�¥i��SX%iT��h;d�e�X�mT¢��Aa�h;m1�r�T��Üþ�¡abX%c�xfXMqvXMx�Êu�v�f�
huc;df�v�vXMc%��UWVSX�h;mTh�iTxª�AXOiT�£hudfe�X � iT�Wh9}paSd��%iTx�x�}£�vãT¹��

UWVAX�huc;df�v�vXMc � ik���%mvgS�Íhucn�S�Mh;X%�½d�g[�ÃiT�nh;{S�S��ikgS� �%mvg]h�ikd�gSXM��huVSX�¢¤mvxfx�m � d�gA��e�mE�S�Ax�X%�lbf������UWVAX
huc;df�v�vXMc � iT�3�SaS�vc;iT�SXM��¢¤mvc�Y@[T\][ � dfh;V�h;VSX�ik�S�Sdfh;d�mvg�mT¢�i)gSX � x�X`qvXMx�ÊF��hucnd��v�TX%c
{bm]iTc;��iTgS��e�X%iTgEÊ
hud�e�X%cn�#¢¤mvcjh;VSX^aSVSmTh;mvg�qTXMh;m��nd��vgwikx����x�w±��(! �

UWVAX>à�î¡ó � iT�¡�%mvgS�Íhucn�S�Mh;X%�¥mk¢z_�_�_1iTgS��c;X%iT�Smv�AhWqpd�i�_�_�_½���f�
Y@[T\v[£�Mmvx�xfX%�`huX%� �wiQh�i � dfhuV	h;c;d��T�vX%cn�Z¢¤mvc�{|mkhuV½�	� ¦á§ � ©=«© �;df�vgwiTx³±ªmThuVAX%c�aSV]}p�;df�%���nhu�A�Sd�XM�

iTgS���%iTx�df{Scuikh;d�mvgA�%�CUWVSXjx�ikhuXMc � X%cnXjaSc;XM�;�%iTx�XM��iTgS���S�nX%��¢¤mvczhuVSX#aS�Sc;abmv�nX#mT¢Ã�SX`huXM�MhumTc��OiTxfd�{Sc;ikhudfmvg
iTgS�¼e�mvgSdfh;mvc;dfgS�tiTgS�¼e�XOiT�n�Sc;XMe�XMg�h@mk¢biT�%�MX%aAhuiTgS�%Xk�
ü9g�huVSdf��awiTabX%cM±vhuVSX3huc;df�v�vXMc;�=¢¤mTc��OiTxfd�{Sc;ikhudfmvg
iTgS�£mThuVAX%c�aSV]}p�;d��M��ikc;X^�OiTxfx�XM��huVSX��ne�mvgSd�humvc3�uiTe�aSx�Xl¨S�
ä�R í R�Ö � �1¦á§ª�ª©=«©Y�3NkÜ �o�Ãè NQJ
UWVSX�hucnd��v�TX%c>�MmvgS�Sd�hudfmvgS�)¢¤mTc�� � ¦á§ � ©=«© � XMc;X��SXM�;d��TgSX%�¶�Sdr¥þXMc;XMg�h;xf}7iT�%�Mmvc;�Ad�gS�¥h;m�huVSX�aSd�mvg
e�mve�X%g]h;�Se1�,�wmvc@VSd��vV�aSdfmvg�e�mve�X%g]hu�Ae1±]huVAX¡h;c;d��T�vX%c@�%mTgS�Sdfh;d�mvgþ±p�%iTx�xfX%� §C�ª©=«© ~Í�È� ± � iT�#�AXMýwgSXM�
iT� b

§ � ©=«© ~F�È� ^ �è� ÑÈà^ºÒÑp~�� ÑQ�v��Ñp~³ò(aøÏ � ��aøÏ��,Ñ ~F�Èãv�
�r[(aøÏ�Ñr�M¢¤cÍ¢#Ñ�����î�îp��Ñ ~��¼Î � �¼Î�� � �XÓ)�,Ñ
����� Ñ ���T�f��Ñ �W�v�Æ�

� VSX%cnX �è� cnX%���Sdfc;X%�¯h;Vwikh£i¶�	� � iT��d��AX%g]hud�ýwX%�ÔdfgÇhuVSX	oQiTmTgÔ��VSX%cnX%oTmrq �Mmv�Sg]huXMc%±ZikgS� � ik�
�SXMh;X%�Mh;X%� d�g1huVSX¼l3\��%mv�Ag�h;X%c^iTgA��huVSX>huiTc;�TXMhO��UWVSX��SXMx iO}vXM�½�Mmvd�gA�%d��AX%gS�MX£~³à^ºW��c;X%���Sdfc;XM��huVwikh
huVSX�h;d�e�X�mT¢�h;VSX�mv�Ah;�vmvdfgS��aSdfmvg d�g h;VSX�üÍº � ik��ikh¼x�X%iT�nh��v��ã�gS�¼x ikh;X%c�huVwiTg¶h;VSX�hudfe�X�mT¢�huVSX

�T�



d�gS�Mmve�dfgS��oQiTmvg>dfg��è���=UWVSX0��Ñ �¡�;df�vgwiTx � iT��it�%mvdfgS�%df�SX%gS�MX3mk¢ShuVSXj°�ß,mk¢ShuVSX3üÍº ¸ �KiTgS�>h;VSX3ýSc;�nhx iO}vXMc�mT¢
h;VSX¼ß Ä ~�U/�%mv�Ag�h;X%cu� � dfh;V¥huVSX>�;X%�MmvgS� x iO}TX%c�~³���%mv�Ag�h;X%cu�td�g¥h;VSX��;iTe�X)�;XM�MhumTc%± � VSdf��V
X%gS�n�Sc;XM� h;Vwikh¼huVAX�aSd�mvg¶XMg]huX%cnX%� huVSX£ß Ä iTgS�,�SXMýSgSX%�,huVSX�ýw�A�S�%d�iTx3qTmvx��Se�X�mT¢�huVAX��SXMh;X%�Mh;mvc%�
UWVSX�hucnd��v�vXMc�{Sd�h¼ò(aøÏ � ��aøÏ�c;X%���Sdfc;XM�,h;Vwikh�aSdfmvg cnXOiT��VSXM� h;VSX£ò Ï�� mvc�� Ï�� x iO}TX%c�mT¢¡huVAX£ß Ä iTgA�
�;�SaSaAc;X%�n�;XM��h;VSX��%mTaSd�mv�A��¬QÊ {|mp�A} � � ¦ §C�Ã§K·w§C� mTc�� � ¦ §ª�|§ª¸;§ª¸ {SiT��o��vc;mv�AgS�S�%� UWVAX
�r[(aøÏ¡�;d��TgwiTxjcnX%���Sd�cnX%�,huVwiQh¼huVSX£aSdfmvg,�SmEXM��gSmTh�c;X%iT��V h;VSX �r[ Ï�� x iO}vXMc¼d�g,mvc;�AX%c¼hum �;�AaSaSc;XM�;�nX%�
�	� ¦ Üª� © ��~���� � �3{wiT��o��vcnmv�SgS���@UWVSX<�Í�Mh§¨¼�AX%�;df�vgwikh;X%��h;VSX�ß Ä �;X%�`humvcn�jhuVwiQh � XMc;X^iT�n�;mp�%d�ikhuXM�
� dfhuV�i@�3Ñ ��~��3Ñ �^�;XM�MhumTcjaSx��A��h;VSXZgSX _Eh3h � m¼�Mx�mp��o � d��;Xt�;XM�MhumTc;� b�h;VSd�� � ik�3huVAX��Sdfc;X%�`hudfmvg�h;Vwikh#i
a|mv�ndfh;dfqvX@awikcnhudf�%xfX
e�mrqvXM�=dfg�h;VSX�e�iT�TgSXMh;d���ýwXMx��Ã� �=UWVSX3yC�Tc;cM�3{Adfh � ik�Ki�c;X`ýwgSX%�>�OiT�Mx��wikh;d�mvg^mT¢EhuVSX
��VwiTc;�TX%�	huc;iT��o�cuikgS�vXT± � VSd���V½d�gS�Mx��S�AX%��h;VSX¼g��Se�{bX%c^mT¢@h�iTcn�vXMh�ýw{|XMc;�^VSd�h^iTgS� i�e�XOiT�n�Sc;XMe�XMg�h
mT¢�huVSX�� Ê9abmv�;d�hud�mTg7mT¢�huVAX�hucuik��o7¢¤c;mve WÃiT�nV,U�à^º ¸ �¼mvg,x�ir}TX%cn���r� �b�È�1iT� � XMx�xWik��huVSX��SXMX%abX%�Íhx iO}vXMc�mT¢�a|XMgSXMh;cuikh;d�mvg mT¢�h;VSX1h;cuiT��oo�¡huVSdf��cnX8%nXM�MhuXM�¯XMqTX%g]hu� � d�huV x�mvgA�Éc;iTgS�vX��;�S��V ik��h;VSX�Ü��
¢¤c;mve���� � �SX%�%iO}v�WUWVSX)aSVSmTh;mvg1qTXMhum �¼Î � �¼Î@� � ��Ó iTgS�1â�Yi; ikc;X^¢¤c;mve!h;VSX�{wiTc;cnX%xªqvX`humS±
{wiTc;cnX%xzqvXMh;m�x�dfgSX%cM±|XMgS�S�OikaÉikgS� ß Ä ±þc;XM�;abX%�`hudfqTX%x�}v± � VSdf��V	c;XMe�mrqvXM� XMqvXMg]hu� � dfh;V	aSVSmTh;mvgS�Z�n�S��V
iT���	� ¦ § � § ¸7~³��ÿ � � ±��	� ¦ § ¸ðÜª� © ��~³��� Â ��ikgS� �	� ¦ Üª� © � ³ ~³��� �.� � � UWVSX V í�î(í
�%mvgS�Adfhudfmvg � ik�jiTg�ýw�S�S�Md iTxÃ�%�Ehjmvg�huVSX¡�`Ê a|mv�ndfh;d�mvg�mT¢�h;VSX���VSiTc;�vXM��huc;iT��o¼d�g�XOiT��V�x iO}vXMc�¢¤cnmve huVSX
e�X%iTg]hud�e�X%cn�%±vqTXMhumTd�gS�^huc;iT��o���h;Vwikh��%cnmv�;�3iTg]} � VSX%cnX�gSX%iTc
huVSX¡X%�S�TXtmT¢bhuVAX¡ýw�A�S�%d�iTxSqvmvxf�Se�XT�KUWVAX���T�f��ikgS���W�v����c;X%aAc;X%�nX%g]h�huVSX�x�XMqTX%xÌÊ��v����iTgA� x�X`qvX%xÌÊ��v�Æ��h;c;d��T�vX%cn�%± � VSdf��V¶�S�;XM�¶�wikhui¥aSc;mp�%XM�;�nX%�
¢¤c;mveñhuVSX^U�à ¸ �tikgS�1î�à^º ¸ ��cnX%�;abX%�`hud�qvX%x�}v��wmvcWxfm � XMcWaSd�mvg£e�mve�X%g]h�i�huVAX^h;c;df�v�vX%c#�%mvgS�Adfhudfmvg�±E�OiTxfx�X%� § � ©=«© ~ �v� ± � iT���SXMýwgAX%��ik� b

§ � ©=«© ~³�v� ^ �è� ÑÈà^ºÒÑp~�� ÑQ�v�,Ñr¬�a¤Ï�ÑO\çaøÏ�ÑQã�aøÏ�ÑÈò(aøÏ�Ñ ~F�rò]�
~Í�r¬�a¤Ï � Ñ±Ñ±Ñ � �Oµ(aøÏ��,Ñ �r[(aøÏ�Ñ ~��¼Î � �¼Î�� � �XÓ)�,Ñ
����� Ñ �@�(î$îT�}Ñ �W�v����Ñ��W�v�Æ��Ñ�~ � Ê �rò � Ó#ÿv�) VSX%cnX��@�(î$îT� � iT��i£�%�Ah�mvg	huVAX�cnXMýwgAX%�7c;iTgS�vX¼�%iTx��M�Sx iQhud�mTg�mT¢�huVSX�x�m � Ê e�mve�X%g]h;�Se(��VSiTc;�vXM�

hucuik��o ~�d�h � ik�t�nXMh�hum��%�Ah¡mvgAxf}�X`qvXMg�h;� � d�huV£humpm¼e�ikg�}�h�iTcn�vXMh�VSd�hu�u�`�
UWVAX�x�XMqTX%xÌÊF� § � ©=«© ~Í�r��~ § � ©=«© ~ �T�;�@h;c;df�v�vX%c3VwiT�£i>cnX8%nXM�Mhudfmvg�mT¢ ¬ �T�v��~F�È�T�v�v�`±p�%mve�{Ad�gSXM� � dfhuV

huVSXtx�XMqTX%xÌÊ��v���¡h;c;df�v�vX%c@cnX8%nX%�`hudfmvg�mT¢ ¬ �v��~Í�r�]�@iTgS��huVSXtx�XMqTX%xÌÊ��v�Æ��h;c;df�v�vX%c�c;X¹%nX%�`hud�mTg�mT¢ ¬ ��~³�v�`±�huVSX
X%g]hudfc;XWhucnd��v�vXMcKhuVAX%c;X`¢¤mvc;X¡VwiT��i�c;X¹%nX%�Mh;d�mvg�mT¢ ¬ �rãT�v�v��~ �vãk�v�v�]� ±]iTgS��c;XM�S�S�%XM��huVAX��p�Æò����r� À oQiTmvgS�
X%g]huXMc;d�gA��h;VSX�h�iTcn�vXMh � VSXMg�h;VSX^�SXMh;X%�`humvc � ik�¡xfdfqTXZhum£�ròv��~Í�O�v�]�#XMqTX%g]hu�ta|XMcW�;aSdfx�x³�

ä�R í Rfä ë Ù Ø ÜøLrÙÃNA�3NkÜ �o�Ãè NQJ
ü9g iT�S�Sd�hud�mTg1hum�h;VSX¼�	� ¦ § � ©=«© huc;df�v�vXMc;�%±|huVSXMc;X � X%cnX¼e�mvgAdfhumTc¡h;c;d��T�vX%cn��¢¤mvc��%iTx�df{ScuiQhud�mTg¥iTgA�
gSmvc;e�iTxfd��OiQhud�mTg�±�iT� � X%xfxWiT�¼hucnd��v�TX%c;�)¢¤mvc�mTh;VSX%c�aSV]}p�;df�%��e�mp�SXM�%� îtx�x#h;c;d��T�vX%cn� � XMc;X£aScnX%�;�%iTx�XM�
X`_E�%XMaAh�¢¤mvcChuVSX#�	� ¦á§ � ©=«© huc;df�v�vXMc;�=iTgS�>h;VSX�� ³ h;c;df�v�vX%cC¢¤mvcz�nh;�S�A})mT¢ShuVAX#�SXM�OiO}p�@�	� ¦¨§ � ³o³iTgS���	� ¦á§ � ³ �Uzm¼e�mvgSdfh;mvc#�AXMhuXM�Mh;mvcWa|XMcn¢¤mvcne�ikgS�%XZ�nXMqTX%cuikx�huc;df�v�vXMc;� � X%cnX^X%e�aSx�mr}vXM��±SdfgS�%xf�S�Sd�gA����ÿ � ±S��� � ±aSd�mvg�{bXOiTe»iTgS�1oQiTmvg¥{bXOike1�jUWVAX%�;X>e�mvgAdfhumTc¡�;iTe�aSx�XM� � X%cnX��S�nX%�¥¢¤mvc¡�Oikx�d�{Acuikh;d�mvg£iTgA�	iT�%�MX%aEÊ
h�iTgS�MX^�nhu�A�Sd�XM�%��UWVSXM} � X%cnX�huiToTXMg1�nd�e��Sx�h�iTgAX%mv�S�nxf} � dfhuV�h;VSX §z©=«© h;c;df�v�vX%cn��iTgS� � X%c;X�aScnX%�;�%iTx�XM�
�;m¼huVwiQh¡h;VSX%dfcWd�e�awiT�`hWmvg£huVSX�humkh�iTx��AXOiT�Ah;d�e�X � iT�t�ne�ikx�x �

UWVAX>��� � �SX%�%iO}£VwiT�WhuVSX^x�iTc;�vXM�nh�{Sc;iTgS��VSdfgS��cuikh;d�mS� Ä d�gS�MXZhuVSX�ýwgwikxª�nh�iQhuX^�SmpX%��gSmTh¡�%mTg�huiTd�gaSVSmTh;mvgS�¼mvc¼ik�S�Sdfh;d�mvgSiTx�h;cuiT��o���iTgA�,h;VSX��wiT�A�vV]huX%c¼e>�Smvg,�SmpX%�¼gSmTh�d�g]huXMcuiT�`h � dfh;V,h;VSX�g��S�%xfX%d
dfh � iT�^i��%mvg]qpd�XMgSd�XMg]h)�;iTe�aSx�X>¢¤mTc�i�qTikc;d�X`h9}¥mk¢jiT�M�%XMaAh�iTgA�%X�e�X%iT�;�Ac;X%e�X%g]h;�)ik� � XMx�x
iT���nXMqTX%cuikx
�OiTxfd�{Sc;ikhudfmvgS�%�ÔUWVAd����;iTe�aSx�X � ik��iTxf�;m7�A�;X%�¯¢¤mTc�huVAX¥gSmvcne�ikx�d��%ikhudfmvg¶mT¢Zh;VSX�X _AabX%cnd�e�X%g]h"�¡huVSX

�k¬



e�X%iT�;�ScnX%e�X%g]h^mT¢�huVSX���� � {Sc;iTgS��VSdfgS�£cuikh;d�m�Xn¥þXM�Mhud�qvXMxf}	gSmTc;e�iTx�df�%X%�¡huVSX¼�Mmv�Sg]hudfgS�£mT¢�oQiTmvgS��humhuVSX � X%xfx�o�gSm � g7��� � {ScuikgS��VSd�gA��cuikh;d�mS��UWVSX¼hucnd��v�vXMc��MmvgS�Sd�hud�mTg�¢¤mvc��	� ¦ Ü�� © �½~�Ë�e��v� � ik�
�SXMýwgAX%��ik�j¢¤mvx�xfm � �

� µ ��^ú�è��Ñ�~=� ÑQ�v�,Ñp~³ò�a¤Ï � ��aøÏ��,Ñ �È��aøÏ � �rµ�a¤Ï � �r[(aøÏ ~F�È�v�
UWVAX�ýwgwiTx3�nh�iQhuX�mT¢�h;VSX���ÿ � �SX%�%iO}¶e�mp�SX��%mvg]h�ikd�gS��mTgSX���VwiTcn�vX%�,aSdfmvg¶iTgA� h � m aSVSmkhumvgS�¢¤c;mve § ¸t�AX%�OiO}T� Ä dfgS�%XZh;VSX)aAd�mvg£e�mve�XMg]hu�Seôd��We�mvgSmp��VSc;mve�ikh;d��T±EdfhW�%iTg�{|X^�S�nX%�1h;m���VAX%��o�huVSX

e�X%iT�;�ScnX%e�X%g]hu�Wmk¢=��VSiTc;�vXM��hucuik��o�e�mve�XMg]hu�Se�±Ec;iTgS�vXZiTgS��X%gAX%c;�k}v�@î�xf�;m�huVAX�aSd�mvg��OiTg£{bXZ�S�;XM�
hum£�nh;�S�A} awiTcÍhudf�%x�X>d��SXMg�h;dfýw�%ikhudfmvg�±ªikgS�½h;VSX�aSVSmTh;mvgS�^�Oikg½{bX��S�;XM�Éh;m��Íhu�S�E}	huVSX�aSVSmkhumvg	qvX`humS�
U � m���ÿ � h;c;d��T�vX%cn� � XMc;X��SXMýwgAX%��±bi¼x�mpmv�;X�mTgSXT±ÃË�aÃ�E�(b

� � �E�V^ú�è��Ñp~=�ÔÑQ�v�,Ñp~�ò(aøÏ � ��aøÏ��,Ñ �r[(aøÏ ~F�rµ]�
iTgS��i�h;d��vV]h;X%cWmvgSXk±ÃË�aÃ�v��b

� � �T� ^ �è�gÑ �_ÓJÑ�~=� ÑQ�v�,Ñp~³ò(aøÏ � �$a¤Ï¤�,Ñ �r[(aøÏoÑ �����wÑ �W�v� � ~F�r[]�
îte�mTgS� h;VSX7dfgS�%mTe�dfgS�,{|X%iTe awiTcnh;d��Mx�X%��h;VSX%cnX � X%c;XÉe�ikg�}�aSdfmvgS�M±�d�gS�Mx��S�SdfgS�,�;mve�X huVwikh

�;�OiQh;huXMc;XM� dfg�h;m�huVSX�ýw�A�S�%d�iTx3qTmvx��Se�X�mT¢�huVAX1ß Ä ��UWVAX%�;X�{bXOiTe aSd�mvgA� � XMc;X£d��SXMg]hudfýSX%�,{]} huVSX
º#VSX%cnX%gSokmÈq��%mv�Sg]h;X%c%��UWVSX¼o�d�gAX%e�ikhudf��¢¤X%ikhu�ScnX%��mT¢
h;VSd���aSd�mvg¥�uiTe�aSx�X � ik�^iTx�e�mv�nh¡huVAX��uiTe�X¼iT�
huVSX�� � ¦ § � ©=«© �nd��vgSiTxjX`_E�MX%aAh�huVwiQh¼huVSX�h�ikc;�vX`h�awikh;h;X%cng � iT���Sd¦¥|X%cnX%g]hO�¶UWVAd����uiTe�aSxfX � ik�
�;�Sd�h�iT{SxfXZ¢¤mvc��OiTxfd�{Sc;ikhudfgS�>h;VSX Ë � z Ë É¥mT¢KaSd�mTgS�¡iTgS�£¢¤mvc��nhu�A�A}pd�gS��huVSX�iT�M�%X%aEh�iTgS�MXT�jUWVAX�h;c;d��T�vX%c
�%mvgS�Adfhudfmvg�¢¤mvcjh;VSX^{|X%iTe aSdfmvg � ik�t�SX`ýwgSXM��iT�lb

l#XOike aSd�mTg ^ § � Ñ à^ºÒÑrüÍºÒÑ�~=� ÑQ�v�,Ñ ~³�T�]�
~��¼Î � ��Î�� � �XÓ)�,Ñ �����
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�OiTg {bX½cnX%e�mrqvX%��{]} iTaSaAxf}pd�gS� h;VSX	�%�Ehu��mvgÔhuVSX	o�d�gAX%e�ikhudf�¥qkiTx��SXM�%� UWVAX½�AaSa|XMc£{|mv�AgS�úmk¢
huVSX1�;d��TgwiTx¡c;X%�Td�mvg d����nXMh£iQh�iÉe�mve�X%g]hu�Ae mk¢)�v�T[ Å�XMÞ�Q�T±tiTg¯X%gAX%c;�k}ÇmT¢��O¬]ã7Å1X`Þ iTgS�¯i
cuiTgS�TX>mT¢@\]���%e���UWVSX¼�SaAa|XMcZ{|mT�SgS�¥¢¤mvc¡huVSX>e�mve�X%g]h;�Seûd����nXMh^iQh�iT{bmv�Ah���ô¶iTawikcnh�¢¤cnmve�huVSX
��� � a|X%iToo�3huVAmv�;X�¢¤mTc>huVSX�X%gSXMc;�T} iTgS�¶cuikgS�vX�iTcnX�e��A��V i � iO}7¢¤c;mTe h;VSX�abXOiTo��%� UWVSX�X`qvXMg�h;�
d�g huVSX���� � abXOiTo �OikgÉhuVAX%c;X`¢¤mvc;X�VwiTcn�Sxf} �Mmvg]hucnd�{S�Ah;X�h;m1h;VSX��nd��vgSiTx
c;XM�vd�mvgþ�£°ZgÉhuVAX��%mTg�h;cuiTcÍ}v±huVSX)��� � ß¡iTgS�vX�UKikd�xªXMqTX%g]hu��VwiOqvX)h;VSX��uiTe�X)e�mve�X%g]hu�AeûiT�¡h;Vwikhtd�g£huVSX)��� � abXOiToÃ±b{S�Ah¡huVSXMd�cX%gSXMc;�T}¥iTgS�1cuiTgS�TX>�Oikg�{|X)�;VSd�¢øhuXM��d�g]hum�huVSX)�;df�vgwiTxCc;XM�vd�mTg¥�S�SX)hum�h;VSX>e>�Smvg��n�OikhnhuX%cnd�gS��Xl¥|X%�`h
d�g	huVSX�ß Ä �ªü9g huVSdf���%iT�;Xk±=mTgSxf} i��M�Ah>mTg h;VSX��SaSabX%c^{|mT�SgS�½mT¢#h;VSX�e�mve�X%g]h;�Se ikh>��ô � mvc;o��%�
UWVp�A�%±�huVAX��%mvg]h;c;d�{A�Ahudfmvg�mT¢
h;VSX���� � ßtikgS�vX�U=iTd�xzXMqTX%g]hu��h;m�huVSX��nd��vgSiTx=cnX%�vdfmvg�df���;�AaSa|mT�;X%� hum{|XZx�iTc;�TX%c3h;VwiTg�h;VSX�mThuVAX%cj�nmv�Sc;�MX%��mT¢ChuVAXZ{wiT��o��vcnmv�SgS���@UWVSX�Å��Smvg�ljiTgS��X`qvXMg�h;�%±ÃawiTcÍhudf�%�Sx�iTc;x�}
huVSX>����  � �SXM�OiO}v±��%iTg	iTxf�;m��;gSX%iTo1dfg]hum�h;VSX>�nd��vgSiTxCc;X%�Td�mvg���UWVSXM�;X¼e�mve�X%g]hu�SeûikgS��X%gAX%c;�k}�¢�ikx�x
d�g]hum�huVSX��nd��vgSiTx3cnX%�vdfmvg�±={S�Ah�h;VSX�c;iTgS�vX�¢¤mTc�h;VSX_Üª� ¸ ��df�)xfmvgS�vXMc)huVSiTg7huVSikh>¢¤mvc�huVSX § � ¸ ��ikh�i�vdfqTX%g¼qkiTx��SX#mT¢|h;VSXWe�mve�XMg]hu�SeÒ�S�SXjhum�h;VSXWe�ik�;�
�Sdr¥þXMc;X%gA�%X)~��nX%XT�Kd��T�Sc;XZ�Oò]�`�=UWVSXtÅ1�Smvg�ljiTgA�
XMqvXMg]hu�tiTc;X�h;VSX%cnX%{]}£c;XMe�mrqTX%�£{]}�c;XM�p�Ad�c;dfgS�¼i��M�Ah¡mvg�huVSX�cnX%x�ikhudfmvg�{bXMh � X%X%g£huVAX�cuiTgS�TX^iTgS��huVSX
e�mve�X%g]h;�Se(X _Ea|XM�MhuXM�É¢¤mvcZh;VSX § � huc;iT��o��%�¼UWVSX��SX`h�iTdfx��Zmk¢3h;VSd����M�Ah�iTc;X¼�AX%�;�Mc;df{|XM�Édfg Ä X%�`hud�mTg
¬A��ãp���E�,UWVSXM�;X�Üª�bÊ c;X%x�ikhuXM�,{wiT��o��vc;mT�SgS�S��~�c;X`¢¤X%cnc;X%�,humÉiT��¨�Å1�Amvg {SiT��o��vc;mv�AgS�=¨��¼�OiTg iTxf�;m {|X
c;X%e�mrqvXM� {]} mv{S�;XMcnqpd�gA�¥huVSX��;df�vgwikh;�Sc;X�mT¢ji §C�1¦ Ü �1¦ ïr� �SXM�OiO}½�;XM�p�AX%gS�MX�d�gÉiTgS� ikc;mv�SgA�
huVSXW�ÍhumvaSaAd�gS���Mmv�Sg]huXMc%�
â¡m � XMqTX%cM±Ed�¢bh;VSX+Ü ��¦ ïr� �AX%�OiO}¼VSiT�@iTg�iT�S�AdfhudfmvgwiTxEiT�M�%d��AX%g]h�iTxAVSdfh%±ThuVSX
Å1�Smvg1{wiT��o��vc;mT�SgS�¥�%iTg1¢�ikoTX)i §C��¦ Ü �1¦ ïr� �SX%�%ir}£�nX%���SXMgS�%Xk±ªiTgS�£huV��S�tgSX%XM�S��i�c;X¹%nX%�`hud�mTg
hum�dfh%��UWVSX��SXMhuiTd�xf�WiTc;X^�SXM�;�Mc;d�{bX%��d�g Ä XM�Mh;d�mvg1¬A�ÆãE�Æ¬E�

UWVAX>gSmvgpÊF�	�É�AX%�OiO}1{wiT��o��vcnmv�SgS�S�ZiTc;X)�Oikh;X%�vmvcnd��MX%�¥dfg]hum�huVScnX%X)h9}pabX%�lb Ä d�gS�vxfX�l#XOiTeû{wik��o]Ê
�vc;mv�AgS��±pàZmv�S{SxfX¡l#XOiTe {wiT��o��vc;mT�SgS��±AiTgS����VwiTc;�TXtX _A��VSiTgS�vXZdfg]huX%c;iT�Mh;d�mvg�{wik��op�Tc;mv�SgA�	~�cnXM¢¤XMc;c;XM�
hum�iT��¨�ºjYi;A¨�{wiT��o��vcnmv�SgS�Ã� �

UWVAX Ä d�gA�vx�X¡l#X%iTe {wiT��o��vc;mT�SgS���Oikg�{|X¡¢¤�Scnh;VSX%c3�Oikh;X%�vmTc;d��MX%��dfg]hum)h � m��%iT�;XM� �woQiTmvg�X%g]huXMc;d�gA�
iTgS�£aSd�mTg�X%g]huXMc;d�gA�¼�OiT�nX%�%��ü ¢Ki��;d�gA�vx�XZoQiTmTg�XMg]huX%cnd�gS��h;VSX�iTaSawikcuikh;�S�W�SX%�%iO}E��dfg_Wwd��vV]h)~�àZü8�
��hum
§ � iTgS� § ¸�~³��ÿ � àZü8�3±|�nX%X>h;VSX)h;mva��Sd�iT�vcuike�d�g��=d��v�ScnX��Oµ]�`±ÃhuVSX>opdfgSX%e�ikh;d���qkiTx��SXM��mT¢
h;VSX § �
�OiTg {bX��nVSdf¢øh;X%� �Sa � iTc;�½�S�SX¼hum�h;VSX�yCmTc;X%g]h;��{bmpmv�nh%�>ü ¢#h;VSX�h � m1aSVAmThumvgA�^¢¤cnmve(h;VSX���ÿ � àZü8�iTc;X�e�df�;�nX%��±W�n�S��V iTg¯X`qvX%g]h£�%iTg ¢�iTokX	i7�	� ¦¨§ � ©=«© �nd��vgwikx �ÔUWVSX�oQiTmTg¯àZü8�ÒX`qvXMg�h;��huX%gA�
hum£VwiOqvX�XOiTcnx�dfX%cZ�SXM�OiO}	hudfe�dfgS�v�Zdfg	huVSX¼h�ikc;�vX`h�huVwiTg huVAX�X`qvXMg�h;�>mT¢3oQiTmvg½�SX%�%iO}E�)ikh�c;XM�nh%��UWVAX
Ä d�gS�Tx�X^Ë^iTmvg�l#X%iTe�{wiT��o��vcnmv�SgS�1d����;�SaAaSc;XM�;�;XM�	{]}£d�e�a|mv�nd�gS��i��SXMx iO}vXM�¥�%mTd�gS�Md��SXMgS�%X�~³à^ºW�#hum
huVSX)�SX%�%ir}�hudfe�Xk�Wü ¢@i�aSdfmvg¥dfg�h;VSX>{bXOike»�n�OikhnhuXMc;�Zdfg1huVAX)h�ikc;�vX`hZiTgA�¥huVSXMg�X%g]h;X%c;�thuVSX�ýw�S�S�Md iTx
c;X%�Td�mvg�mT¢ªhuVSX��SXMh;X%�Mh;mvc^~�Ý@dfmvg Ä �%ikh;h;X%cnd�gS��X`qvXMg�h;�%±w�nX%XZhuVAXZ{|mkh;humTeñ�Ad iT�vc;iTe5d�g_�Kd��v�Ac;X��rµ]�`±phuVSX
XMqvXMg]h��OiTg�¢�iTokX�i)h;VSX��	� ¦á§ � ©=«© �;d��TgwiTxÃ{|XM�OiT�A�;X��;mTe�XZmk¢ªhuVSXM�;XZ�n�OikhnhuX%cnX%�£aSdfmvgS�#�;ikhudf�n¢ø}�huVSX
opdfgSX%e�ikh;d��%�#mT¢=h;VSX^�;df�vgwiTx³��UWVSX��;�OiQh;huXMc;XM�¥aSdfmvg�x�X%irqTX%��huVSX�huiTc;�vX`h�d�e�e�XM�Sd iQhuX%x�}�ik¢øhuXMcWX%g]huXMc;d�gA�
huVSXWh�ikc;�vX`hO�KUWVAX Ä dfgS�vxfX�Ý@dfmvg�l#XOike {wiT��o��vcnmv�SgS���OiTg�{|X��n�SaSaScnX%�;�nX%��{]}�h;VSX�à^º,iTgS��huVAX¡oQiTmTg
d��SXMg�h;dfýw�%ikhudfmvg��S�nd�gS�¼huVAX�¢º#XMc;XMgSoTmrq��%mv�Ag�h;X%ctiTgS��huVAX)l3\�â¡mE�SmT�;�%mTa|X^e�XOiT�n�Sc;XMe�XMg�h;�%�

UWVAX�àZmv�S{Ax�X�l#XOikeð{wiT��o��vc;mT�SgS� �%iTg7{bX��%ikhuXM�vmvcnd��%XM�7dfg�h;m�h � m=�
oQiTmvgpÊ9oQiTmvg½X%g]huXMc;dfgS��iTgA�
okikmvgEÊ9aAd�mvg�X%g]huXMc;d�gA���%iT�;XM�%�@ü9g�huVAX�okikmvgEÊ9oQiTmTg�X%g]huXMc;dfgS���OiT�nXT±Ah;VSXZýwc;�ÍhWoQiTmvg�XMg�h;X%cn�tikgS���%mve�X%�
hum�cnX%�ÍhZd�g�huVSX)h�iTcn�vXMh%±þiTgA�1huVAX��;XM�%mvgS�	oQiTmTg¥X%g]h;X%c;dfgS��h;VSX)huiTc;�vX`h��AX%�OiO}p��d�g�Wwd��TV�h¡hum § � iTgA�
huVSX § � X%g]huXMc;��huVSX�ýw�A�S�%d�iTxªc;XM�vd�mvg£mT¢zhuVAX��AXMhuXM�Mh;mvc�~¤�;XMX^h;VSX^humva£�Sd�iT�vcuike!d�g��Kdf�v�ScnX¼�r[]�`�
UWVAX
okikmvgEÊ9aAd�mvg��OiT�nX�d��#h;VSXZ�uike�X�ik�#huVSX�okikmvgEÊ9oQiTmTg��OiT�nXT±wX _A�MX%aAhWh;Vwikhjh;VSXZ�nX%�%mTgS�1aAd�mvg��n�OikhnhuXMc;�Wd�g
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π
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Scattering

π

π

�Kd��v�Ac;X	�rµ�b Ä ��VAX%e�ikhudf���Ad iT�vc;iTe���mT¢¡huVSX Ä d�gA�vx�X£l#X%iTe¨{wik��op�Tc;mv�SgA�Yb�i Ä dfgS�vx�X£Ë^iTmTgÇl#X%iTe
{wiT��o��vc;mT�SgS�7~¤humTaÃ�WiTgS��i Ä d�gS�vxfX�Ý
d�mvg�l#X%iTe {wik��op�Tc;mv�SgA�¶~�{bmThnhumve��`�

K

K

π

Stop

Decay in flight

K

Scattering

Stop

π

π

�Kd��v�Ac;X>�O[�b Ä ��VSXMe�iQhud����Sd iT�TcuiTe��3mk¢zh;VSX�àZmv�A{Sx�X�l#XOiTeô{wiT��o��vcnmv�SgS�Yb�i¼� x½� àZmv�S{SxfXZl#X%iTe
{wiT��o��vc;mT�SgS�7~¤humTaÃ�WiTgS��i�� x § àZmv�S{SxfX^l#XOike {wiT��o��vcnmv�SgS�7~�{bmTh;h;mve��`�

Charge
Exchange

LK
K

ν

l

π

�Kd��T�Sc;X^�k��b Ä ��VSXMe�ikh;d��^�Sd�iT�vcuikeômT¢zhuVAX���VSiTc;�vX^X _A��VSiTgS�vX)d�g]huXMcuiT�`hud�mTg�{wiT��o��vc;mT�SgS���
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_�jl£G¤�{ln.ml¥|y|¦ _�§ ¤�wxy ^pr¨j©o.wx£ªf «¬a «I=g r�¥ vzo�wz®¯o�nGjl£G¤�f °*^ªjsr±«I=g ^³²�o�nGj2°�^}jsr gih
´�µ�¶¸·¹µIº©» ¼ ~ ½l¾ ¿ ¿
´@µÀ¶¸Á¹µEÁUÂ ¼ ~ Ã Ä ¿ ¿
´�µ�¶¸·¹µ�º©»�Å ¼ ~ ¼�¼�Æ ¿ ¿ ¿
Ç wxy {lvx^ ´ _b^}jsr ¿ ¿
Ç wzy {�vz^ Á _b^ªjsr ¿ ¿

gÈml¥|° vz^ ´ ® ´ _b^ªjlr ¿ ¿ ¿
gÈml¥ ° vx^ ´ ® Á _b^ªjlr ¿ ¿ ¿

hbÉ¬Ê ¿ ¿
UKiT{Ax�X��cb¼U=mpmvx��)iT�]ikd�gS�Íh>huVAX�e�iTd�gÉ{wiT��o��vc;mT�SgS�S�lb1�È�^o�d�gSXMe�ikh;d��M� b�Ý
VwiT�nX Ä awiT�MX£º#�Ah;�£~³Ýz±�Y
iTgS� ßt�`±C�wYÖk�p_7�M�Ahu�M±
ß¡iTgS�vX ÊÍÅ1mve�X%g]h;�Se º#mvgS�nd��nh;X%gS�`}7�M�Ah"�3�v��Ý�Þ�b=Ý
VSmTh;mvg7Þ@XMh;m	º#�Ah;� ��¬]�
Ý@üFà�b § � ¦ Üª� ¦ ï �ÉàZX%�OiO} Ä XM���SX%gS�MX�º#�Ah;� �b\��je��Sxfh;d�Ê hucuik��op�lb
qvXMh;m�h;VSX)e>�Sxfh;d�Ê h;cuiT��o�XMqTX%g]hu�l�
ãv��{|X%iTe Ý
üFà�b@h;VSX�awiTcnh;d��Mx�X£d��SXMg]hudfýS�Oikh;d�mvg,d�g,huVAX1{bXOiTeádfgS�nh;c;�Se�X%g]huikhudfmvgY��ò]�¼X`_phuc;iÉ{bXOiTe�b
qvXMh;mÉh;VSX¥X _Eh;cui½{|X%iTeáawiTcÍhud��Mx�XM���Mmvd�gA�%d��AX%g]h � d�huV huVSX���VwiTcn�vX%�Çh;cuiT��oo�tiTgS�¯�v��à^ºVb�àZXMx iO}vXM�
º#mvd�gS�Md��SXMgS�%X)º#�Ah;�%�

huVSX¼h�ikc;�vX`h>ikgS�ÉXMg]huX%cn�)h;VSX¼ýw�S�S�Md iTx
cnX%�vdfmvg	hum��uikh;d��n¢ø}¥huVSX�o�d�gSXMe�ikh;d��M��mT¢#h;VSX��;d��TgwiTx¡~��nX%X�huVSX
{|mThnhumve �Sd�iT�vcuike dfg��Kd��T�Sc;XZ�O[]�`�,�ÃmTcK{bmThuV��Oik�;X%�M±]huVSX�àZmv�A{Sx�XWl3XOiTeÒ{wiT��o��vc;mT�SgS�S�@�Oikg�dfe�d�h�ikh;X
huVSX��	� ¦ § � ©=«© �;df�vgwiTx³±Ad�¢=h;VSX)�AX%�OiO}�aScnmE�S�A�Mhu��¢¤c;mTe!huVSX�ýwcn�nhtoQiTmvg1iTc;X^e�d��;�nX%�7~�mvcWh;VSX�ýSc;�nh
okikmvg �SXM�OiO}p�¼e��S��V¶x iQhuX%c�huVwikg huVSX��;X%�MmvgS�,{bXOiTe awiTcÍhud��Mx�X��%mve�X%�u�>iTgS� h;VSX��nX%�MmvgS�,oQiTmvg¶mvc
aSd�mvg�d���gSmTh#�SXMh;X%�Mh;X%�£d�g�huVSX�{|X%iTe x�d�gAXt�SX`huXM�MhumTc;�%�@UWVSXM�;XZ{SiT��o��vc;mv�AgS�S�W�Oikg�{|Xt�;�SaAaSc;XM�;�;XM�1{]}
x�mpmvo�d�gS��¢¤mvc)iTg]} X`_ph;cui�iT�`hud�qEd�hudfX%�ZhuVSikh�ikc;X��%mvdfgS�%df�SX%g]h � dfh;VÉhuVAX���Vwikc;�vXM�7huc;iT��o	d�g½huVSX�{|X%iTe
d�gS�Íhuc;�Ae�XMg�huikhudfmvg�±ph�iTcn�vXMh%±wiTgS�1ßtikgS�vX Ä huiT��oÃ�

UWVAX½��VSiTc;�vX X _A��VSiTgS�vXÇ~ ºjYi;^��dfg�h;X%c;iT�Mh;d�mvgÔ{wik��op�Tc;mv�SgA�ú�%iTgúmp�%�M�Sc£iT��¢¤mvxfx�m � � b7i,oQiTmTg
X%g]huXMc;d�gA�1huVAX�h�ikc;�vX`h>dfg�h;X%c;iT�Mh;� � dfh;V i¥gAX%�Ah;c;mvg dfg½h;VSX��%iTc;{bmvg mk¢jhuVSX��;�Md�g]hudfx�x iQhumvcn��~³�	� � ¦
��¸ � �)ikgS�Éh;VSX�cnX%�;�Axfh�ikg�h>��¸� �SXM�OiO}p�>hum § � � · «© Å ± � VAX%c;X � ·Ô^ ï ·,mvc�Ü=·�~¤�;XMX_�Kdf�v�Sc;X��T�]� ��ü ¢
huVSX § �ú�;ikhudf�nýwXM��h;VSX1�nd��vgSiTx�opdfgSX%e�ikh;d��%��iTgA� huVAX � ·Ôdf��e�d��n�;XM��±#huVAX1X`qvX%g]h��%iTgÇdfe�d�h�ikh;X�huVSX
� �¥¦¨§C�ª©=«© �;df�vgwiTx³��UWVSX�� ¸� �SmpX%��gSmTh)�SX%abmv�ndfh�X%gSXMc;�T}ÉiTxfmvgS��huVAX�awiQhuV7dfg½h;VSX�h�iTcn�vXMh �KhuVSXºjY8; {wik��op�Tc;mv�SgA� XMqTX%g]h�VSiT��i �]ika�{bXMh � X%XMg oQiTmvgúiTgS��aSd�mTg ýS{|XMc;�£d�g huVSX	huiTc;�vX`hO� ü h�d��
huVSXMc;XM¢¤mTc;X��n�SaSaScnX%�;�nX%� {�}Éc;XM���Sd�cnd�gS��gAm�x iTcn�vX��viTa {bXMh � X%X%g,huVAX�oQiTmvg,iTgS�¶aAd�mvg7ýS{|XMc;�%�	UWVAX
ºjY8;ô{wiT��o��vcnmv�SgS�Éd��^iTxf�;m��;�SaAaSc;XM�;�;XM� {]}	huVSX�à^º�±ª�;dfgS�%X�mvgAxf}�h;VSX���¸� ¸ ��huVwiQh�h;cuiOqvXMx�i��nVSmvcnh�Sd��Íh�iTgS�MX^�OiTg£{bX)ikx�x�m � X%�£{]}£c;XM�p�Ad�c;dfgS�¼gSm�x iTcn�vXZ�]ika��

UWVAX�cnX8%nXM�Mhudfmvg�humpmvxf�#¢¤mvcjX%iT��V1{SiT��o��vc;mv�AgS�1dfg�huVSdf�WX`_EabX%c;dfe�XMg]h¡iTc;X�huiT{S�Sx�ikhuXM�£d�g�U=iT{Sx�X��E�
-�.²õ $ >A;*9¹M�÷�50÷�P+<=DG;,<�FqDÖM ;*>A@�Ë FY<�"A7�@
ü9g�mvcn�SX%c
h;m)e�iToTX¡i�e�XOiT�n�Sc;XMe�XMg�h3mvg�huVSX�{Sc;iTgS��VSdfgS��cuikh;d�m�mT¢�� �¥¦¨§C�ª©=«© ±�mvgAX¡e>�S�nh3iT��VSdfXMqTX
i£�nX%gS�ndfh;dfqpdfh9}	�Am � gÉ{|XMx�m � �O�p·w��¸O±zc;X%���Sdfc;dfgS��i�x�iTc;�vX¼�n�SaSaScnX%�n�;d�mTg7mT¢3huVSX�{wiT��o��vcnmv�SgS�A� � VSdf��V
��VwiTx�xfX%gS�TX%��h;VSX¥aAc;XMqkiTdfx�dfgS�É{SiT��o��vc;mv�AgS�ÔX%�Íhud�e�ikh;X1e�XMh;VSmE�A�%±�{|XM�OiT�A�;X	iTg]} e�X%iT�;�Ac;X%e�X%g]h�d�gEÊ
qvmvx�qEdfgS�¥xfm � �nh�iQhud��Íhudf�%���%iTg {bX��;�S{�%nX%�Mh¼h;m�x ikc;�vX��nh�iQhud��Íhudf�OiTxEWw�S�`hu�wiQhud�mTgS�%�[�w�ScÍhuVSXMc;e�mvc;Xk±KhuVSX
�SXMqTX%x�mTaSe�XMg]h3mk¢þ�nd��vgwikxw�;X%xfX%�`hud�mTg��Mc;d�huX%cnd iZmvc
�M�Ahu���S�nd�gS�^x�dfe�d�huXM���nhuikhudf�nhudf�%�
�%iTg�cnX%�n�Sxfh�d�g�i^{Sd ik�%±
{|XM�OiT�S�nX�h;VSX��%�Ah;�t�SXM�;df�vgSX%��hum�c;XMe�mrqvX)i�awiTcnh;d��M�Sx iTc#XMqvXMg]h�mvc�i��;e�iTx�x�g��Se>{|XMctmT¢KXMqTX%g]hu�te�iO}
gSmTh � mvc;o�aScnmvabX%c;x�}�mvg�i�x iTcn�vX%c#�wikh�i¼�;iTe�aAx�XT�

Uzm�iOqTmvd��£huVSdf�t{Ad iT�M±Ãi�{Sxfd�gS��iTgwikxf}p�;df�tdf�¡dfgS�Sdf�;abX%gS�;iT{Sx�Xk�#UWVwiQh�df�%±Ã{wiT��o��vcnmv�SgS���nmv�Scn�%X%��iTc;X
d��SXMg�h;dfýwXM�£i@Ì¬Í{þ.Î|Í{þ|ikgS�£i��;df�vgwiTxbc;XM�vd�mvg�¢¤mTc3huVAX §z©=«© ~F�È�3d��#�SXMh;X%c;e�d�gAX%���;m�h;Vwikhjh;VSXZ�nX%gS�ndfhud�qpdfh9}
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d���X`_EabX%�`huX%�Éhum�{|X�mvaAh;d�e�d��MX%���¼UWVSX��;df�vgwiTxKc;X%�Td�mvg d��^e�iT�;okX%�Émv�Ah^�Sg]hudfx@iTx�x=huVSX��%�Ah��SX`qvXMx�mvaEÊ
e�XMg�hWiTgS��h;VSX�{wiT��o��vcnmv�SgS�£X%�Íhudfe�ikh;d�mvg�iTcnX�ýwgwiTxfd��MX%���@º#�Ehu�jhum>�;�SaSaAc;X%�n�¡h;VSXZ{wik��op�Tc;mv�SgA�S��iTc;X
�SXMqTX%x�mTa|XM�1�S�nd�gS��X`qvX%g]h;��mv�Ah;�;df�SX�huVSX^�;df�vgwiTxþc;X%�Td�mvg��

UWVAX>iTgSiTxf}p�;df�jd���abX%cÍ¢¤mvc;e�X%�£d�g�h;VSX�¢¤mvx�xfm � d�gS� � iO}�b¢ ß¡X%iTxK�Sikh�i£iTcnX¼�S�;XM� � VSXMc;X`qvX%c�abmv�;�nd�{SxfXT±�{bX%�%iT�S�;X�i�Å1mvg]h;X�ºjiTc;xfm��;d�e>�Sx ikh;d�mvg1�SmpX%��gSmTh
c;XMaSc;XM�;X%g]h>awikhuVAmvx�mv�Td��Oikx�XMqTX%g]hu��dfgÉh;VSX�cnXOiTx@�wiQh�i1�A�SX�h;m¥Vwikc;� � iTc;X�aSc;mT{Sx�XMe��^mvc^�SgSX _�Ê
a|XM�Mh;X%�>{Ad iT�nX%� �vh;VSX%�nX#X`qvX%g]h;��e�iO}^awik�;�ChuVScnmv�S�vV>iTx�xvh;VSX3�M�Ahu�=�SX%�nd��vgAX%�>{]}^huVAXjÅ�º7�;iTe�aSx�X
iTgS�£e�d�e�d��th;VSX��	� ¦¨§ � ©=«© �nd��vgwikx��%�¢ î �;mkÊ �OiTxfx�XM��{Adf¢¤�Scn�Oikh;d�mvg�e�XMh;VSmE�£df�¡X _EaSx�mvd�huXM�£h;m�XMqkiTx��SikhuX�huVAX�{SiT��o��vc;mv�AgS�¥xfXMqvXMx��M��UWVAX
{wiT��o��vcnmv�SgS�	df�tXM�nhudfe�iQhuX%�¥{�}¥ikh�x�XOik�nh¡h � m��SgA�%mvcnc;X%x�ikhuXM���%�Ehu�%±þmvc��vcnmv�SaS�tmT¢@�%�Ehu�%± � dfhuV
x iTcn�vX¥{SiT��o��vc;mv�AgS� c;X8%nXM�Mh;d�mvgS�l��huVSX`}¯�Oikg�{bX	d�gA�SX%abX%gS�AX%g]hux�}¯d�g]qTX%cnh;X%�Ôhum¶�Mc;X%ikhuX	VSdf�vVEÊ
�nhuikhudf�nhudf��{wiT��o��vc;mT�SgS���;iTe�aAx�X%�@¢¤c;mTe5c;XOikxb�Sikh�iA�KUWVSXZ�SX`h�iTdfx��@mT¢�h;VSX�l3df¢¤�Scn�Oikh;d�mvg�Å1XMh;VSmp�
iTc;X�X _EaSx iTdfgSX%�£dfg Ä X%�Mh;d�mvg1¬A�òA���v�¢ �wmvcZi�{wik��op�Tc;mv�SgA�½�Íhu�S�E}v±�huVAX¼c;XOikxK�wikhui�iTc;X>�Sdfqpd��AX%�	d�g]h;m�h � m£abmvcnh;d�mvgA� bti��SgSdf¢¤mTc;e�xf}]Ê
�uiTe�aSxfX%�½mvgSX`Ê huVSdfc;�½a|mTcnhudfmvg½mT¢#h;VSX � VSmTx�X��wikh�i£d����S�nX%�7h;m¥�SX`qvX%xfmvaÉh;VSX��M�Ahu�M±
iTgS�½huVSX
c;XMe�iTdfgSd�gA�£h � mkÊ huVSdfc;�7abmvcÍhud�mTgÉdf�)�S�nX%�7h;m¥e�XOiT�n�Sc;X�huVSX�ýwgwiTx@{wik��op�Tc;mv�SgA�¶x�XMqTX%xf�%�£UWVSd��
VSX%xfaS�jhum�X%�Íhudfe�ikh;X�huVAX�{SiT��o��vc;mv�AgS�¥xfXMqvXMx���d�g�i¼x�XM�;�FÊ9{Sd�iT�;XM��e�iTgSgAX%c%�¢ ljiTx�iTgS�%X#{|X`h � XMX%g�h;VSX�{wiT��o��vcnmv�SgS��x�X`qvX%xf�@iTgS�¼huVAX¡�nd��vgSiTxSiT�M�%XMaAh�iTgA�%X%�3�OiTg�{bXW�%mvg]h;c;mvxfx�X%�
�%mvg]h;d�g��Smv�S�nxf}�{]}���VwikgS�vd�gA��huVSXZ�nXMqTX%c;d�hudfX%�WmT¢ªh;VSXZ�%�Ehu�W�S�nX%�£d�g�h;VSX^l#d�¢¤�Sc;�%ikhudfmvg�Å1X`huVSmp���
UWVSX�qkiTc;d�ikhudfmvgS�)mT¢th;VSX�{wiT��o��vcnmv�SgS� x�X`qvXMx���iTgS� iT�M�%XMaAh�iTgA�%X%��ikh�qkiTcnd�mv�A���%�Ah�abmv�ndfhudfmvgS�
�OiTg£{bX^gp�Ae�XMc;d��%iTx�x�}�huiT{S�Sx�ikhuXM��hum��vdfqTX�huVSX^�;mQÊ9�Oikx�xþ{SiT��o��vc;mv�AgS�1¢¤�SgA�MhudfmvgS�M�¢ î��M�%X%aEh�iTgS�MX)e�XOik�;�ScnX%e�X%g]hu�¡mT¢zhuVSX^�;df�vgwiTxþ�;X%xfX%�`hud�mTg1�M�Ahu�¡iTcnX�e�iT�SX � d�huV��;mve�X�e�mvgSdfh;mvc
hucnd��v�vXMcZ�wikhuiA�¼UWVSX�� � ¦á§ � ©=«© aSVSiT�;X��;aSiT�%X�iT�%�MX%aAhuiTgS�MX�iTgA�½h;VSX § � �nhumTaÉXnÕ��Md�XMgS�M}
iTc;X�mv{AhuiTd�gSXM�É¢¤cnmveðhuVSX�Å1mvg]huX£ºjikc;x�m¥�	� ¦¨§ � ©=«© �uiTe�aSx�Xk±Kdfg � VSdf��V huVSX�cuikh;X�mT¢ § �
g��S�%xfXOiTcjdfg]huX%c;iT�Mh;d�mvgA�#d�g�h;VSX�ß¡iTgS�vX Ä h�iT��o�iTgS� § ���AX%�OiO}]Ê9dfgEÊ²WSd��vV]hu�jiTc;XZ{bmTh;V�h�iTokX%g£d�g]hum
iT�%�Mmv�Sg]hO�¢ UWVSXj{Sc;iTgS��VSdfgS�Zc;ikhudfm�d��zýwgwiTxfxf}^�%iTx��M�Sx ikh;X%�){�}>i�xfd�oTXMx�dfVSmEmp��iTgwiTx�}p�;d��M±khuiTo�d�gS�Zdfg]humZik�%�%mT�Sg]h
{|mkhuV£�;df�vgwiTxªikgS�1{SiT��o��vc;mv�AgS�1�Ad��nh;c;df{S�AhudfmvgS�jdfg�huVSX^�;df�vgwiTxþc;X%�Td�mvg��

-�..- !�DG;EKIHwBCFéKL7/>A÷c<�DI/AK#<G587/>O;*>A@?HÏ;,<�;Þ2 DG7�KLFé÷�÷=50>JD
UWVSX��wiQh�i£�%mvxfx�X%�`huXM�7{]}	huVSX�hucnd��v�vXMc�iTc;X�iTgwiTx�}p�%X%�É{]}7i£�;XMc;dfX%�>mk¢jm*9�d�gAX��nmT¢øh � ikc;X�aAc;mv�vc;iTe��%�
Y
qTX%g]h¡c;XM�%mvgS�Íhucn�S�Mh;d�mvg£�nhuiTcnh;�#¢¤c;mTeôdfg�qTX%�Íhud��vikhudfmvgS�jmT¢ªh;VSXZhucnd��v�TX%c#{Adfh�iTgA��mT¢z�;�S��V£d�gE¢¤mvc;e�ikhudfmvg
iT�)h;VSX�mvgAx�d�gAX��ÍhumvaAaSd�gS�¥�%mv�Sg]h;X%c%�1UWVSX%gþ±
VSdfh)�%mv�Ag�h;X%cn��mT¢�i¥abmv�ndfhud�qvXMxf}]Ê9��Vwikc;�vXM�Éhuc;iT��oÇ~¤huc;iT��o
�%mv�Sg]h;X%c;�u��ikc;XW�;X%iTc;��VAX%��¢¤mvc
dfg¼huVSX¡ß¡iTgS�vX Ä huiT��oÃ�
UWVSX¡�;XOikc;��V��Íh�iTcÍhu�
¢¤c;mTeÒýwgS�Ad�gS�)i�U}Ñ �Z�;XM�MhumTc
m*9�d�gSXk�¶ü ¢th;VSX%cnX¥iTcnX��%mvdfgS�%df�SX%g]h�VSd�hu�¼d�g¶h;VSX�ýwc;�Íh�h � mÉß Ä x iO}vXMc;��d�g¶h;VSX£�uiTe�X��;XM�MhumTc%±#d�h�d��
huc;X%ikhuXM�¶iT�^huVSX�U}Ñ �£�;X%�`humvcM��°�h;VSX%c � d��;Xk±KhuVAX�mvgSxfd�gSX�U}Ñ����;XM�Mh;mvc>df�)�S�nX%����UWVSX��Mmv�Sg]huXMc;��huVwikh
iTc;X��%mvdfgS�%df�SX%g]h � dfhuV�huVSX)U}Ñ ��VSdfh�iTc;X��;X%iTc;��VAX%�	¢¤mvc¡d�g1h;VSX>mT�Ahu�vmTd�gS��iTgS�1�%x�mp��o � d��nX>�Sdfc;X%�`hudfmvg�±
iTgS�¥�n�S��V	�%mT�Sg]huX%cn��iTcnX)hucnXOikh;X%�	ik�thuc;iT��o£�%mv�Ag�h;X%cn�%��UWVAX¼iOqvX%c;iT�vX�hud�e�X^mT¢�h;VSX)h;cuiT��o��%mv�Ag�h;X%cn�
d��¡�SXMýwgAX%�	iT�¡huVSX^huc;iT��o�hudfe�Xk�WUWVSX>�Mmv�Sg]huXMc�d�g�huVSX)mv�Ah;X%c;e�mv�Íhtx�iO}vX%c�iTgS��huVSX)e�mv�Íh��Mx�mp��o � d��;X
�;X%�`humvc�df�jhuc;X%ikhuXM�¥ik��h;VSX^m*9�d�gSX��ÍhumvaAaSd�gS���Mmv�Sg]huXMc%�
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Uzcuik��o c;XM�%mvgS�Íhucn�S�Mh;d�mvgS�¼dfg huVSX�huiTc;�TXMh�iTgS�y�¡U¡ºñiTcnX�a|XMcn¢¤mvcne�XM� h � d��MXT�7îjh¼ýSc;�nh%±3dfg7_�Ê }
aSx iTgAXT±
i¥�Md�cn�%�Sx�iTc�h;cuiT��o½d��^ýShnhuX%� h;m¥huVAX©�tU¡º VSd�h � d�cnX%�M��UWVSX�ýShnhuXM� hucuik��oÉdf�>X`_ph;cuiTabmvx iQhuX%�
hum�huVAX£huiTc;�TXMh�h;m½�AXMhuXMc;e�d�gSX�huVSX�huiTc;�vX`h¼ýw{bX%c;�¼h;Vwikh¼{bX%xfmvgS��hum	h;VSX�huc;iT��oÔ~¤aSd�mvg ýS{|XMc;���¼iTgA�
huVSX�oQiTmvg �SXM�OiO}	qvXMcnhuX _|��Ý=ikh;h;X%c;g½c;XM�%mv�TgSdfh;d�mvg	dfg�huVSX¼h�ikc;�vX`h)df���%mvgA�S�S�Mh;X%� hum��SXMh;X%cne�dfgSX�huVSX
okikmvg iTgS� aSdfmvg�ýw{bX%c;���A�;d�gA�£h;VSX��tU¡º huc;iT��o�dfgA¢¤mvc;e�ikh;d�mvg���°�gA�%X¼huVSX¼aAd�mvg�ýw{bX%cn�^iTc;X�¢¤mT�SgS��±
huVSX��¡U¡º5ýShnhudfgS�	d���cnX%abXOikh;X%� � dfh;V huVSX�dfgA¢¤mvcne�ikh;d�mvg½mvg¶huVAX�aSd�mvg¶aSiT�;�;iT�vX£iTgS�¶oQiTmTg �AX%�OiO}
qvX%cÍhuX _�d�g�huVSX^h�ikc;�vX`hO±Sdfg�mTc;�SXMc�h;m�VSirqTX>i�{bXMh;h;X%c��;mTx��Ah;d�mvg�¢¤mvcjh;VSX�x�XM¢øhÍÊ9cnd��vV]hWike�{Sd��T�Sdfh9}�d�g�huVSX�tU¡º e�X%iT�;�ScnX%e�X%g]hO�)UWVSX¼awikhnhuXMc;g c;XM�%mv�vgAdfhudfmvg�df��iTx��nm�c;X Ê9�SmTgSX�ik¢øhuXMcZhuVSX��tU¡º/h;cuiT��o�ýSh;h;d�gS�
d���ýwgwiTxfd��%XM���¡UWVSX>hudfe�XM��mT¢
huVSX)e�mkhuVSXMctoQiTmvg�iTgS�¥h;VSX>�wik�S�vV]huXMcZaSd�mTg�iTcnX>mv{AhuiTd�gAX%�1¢¤cnmve�huVSX
irqTX%c;iT�vX�mT¢#h;VSX�oQiTmvg½iTgS�½aSd�mTg ýS{|XMc^h;d�e�X%�M±zcnX%�na|XM�Mhud�qvXMxf}v± � VSdfx�X�huVAX��Mmvc;cnX%�na|mvgA�Sd�gS��X%gAX%c;�Td�X%�
iTc;X¼huVAX��n�Se���mT¢3huVSX�X%gSXMc;�T}½�SXMa|mT�;dfh;�)dfg½h;VSX�okikmvg7ikgS�7aSdfmvg ýw{|XMc;�M��UWVSX�h;mTh�ikx
e�mve�X%g]h;�Se
d���mv{AhuiTd�gSXM�1{]}��%mTc;c;XM�Mh;d�gS��huVSX�e�mTe�XMg�h;�Se dfg�h;VSX��¡U¡ºú{]}�h;VSX^h�iTcn�vXMhtcuiTgA�vXT±whuVAX)ü ÊFº#mv�Sg]huXMc
cuiTgS�TX^iTgS�£huVSX�iTe�mv�Sg]h�mT¢=�SXOik�1e�ikhuXMc;d�iTx��3�S�SX^hum¼huVSX^dfgSgSX%c � iTxfx�mT¢zhuVSX��tU¡º��

ü9g�huVSX��nh;mvaSaSdfgS�¡�%mv�Sg]h;X%c%±TitaS�Ax��;X
ýShnhudfgS�tdf�Ca|XMcn¢¤mvcne�XM��h;m¡ýwgA��i § � ¦ Üª���SX%�%iO})�nd��vgSikhu�ScnXT�
l#mThuV¶�nd�gS�Tx�X`Ê aS�Sxf�;X�ikgS�¶�Smv�S{Ax�X`Ê aS�Sxf�;X�ýShnhudfgS�v�¼iTcnX�iTaSaAx�d�XM�7hum�h;VSX�U�à�aS�Sxf�;X��nVwiTabX£iTgS�¶huVSX
ýSh;h;d�gS�¼ikx��vmvcndfh;VSe5c;X`hu�ScngS�jhuVSXÐÏC�WmT¢z{bmThuV��nd�gS�Tx�X`Ê aS�Sxf�;XZikgS���Smv�S{Ax�X`Ê aS�Sxf�;X�ýShnhudfgS�v�%±phuVSX�X%gSXMc;�T}
iTgS��hudfe�X�mT¢zhuVAX��nX%�MmvgS�¥aA�Sx��nXT±SX`hu�T�

UWVAXthumkh�iTxwXMgSX%cn�T}��SX%abmv�;d�h�mT¢�huVAX¡h;cuiT��o¼dfg�h;VSXZß Ä df�3mT{Ah�iTdfgSX%��{]}��;�Se�e�dfgS�^�Sa�h;VSX¡X%gSXMc;�T}
�SX%abmv�;d�hu�^d�g huVAX�h;cuiT��o	�Mmv�Sg]huXMc;�%��UWVAX�e��AmvgÉXMgSX%cn�T}½d�g huVSX��ÍhumvaSaAd�gS���%mv�Ag�h;X%c)d��^�;�S{Ehucuik�MhuXM�
¢¤c;mve�h;VSX£humThuiTxWX%gSXMc;�T},�A�;d�gA�ÉhuVAX1cnX%�;�Axfh�¢¤c;mve huVSX�U�àïaS�Sxf�;X�ýSh�hum huVSX��nh;mvaSaSdfgS�½�%mv�Sg]h;X%c%�
UWVSX>c;iTgS�vX�mT¢�h;VSX�h;cuiT��o£df�t�%iTx��M�Sx ikh;X%�£qpd i�i�huc;iT��ovÊ ýShnhud�gA��e�XMh;VSmE�þ±ÃhuiTo�d�gS��d�g]hum�iT�M�%mv�Sg]hthuVwikh
iÉhuc;iT��o df��aScnmvawiT�vikhuXM�¯{]}Çxfmv�;dfgS�7XMgSX%cn�T} � d�huVÔl3XMhuVAX`ÊFl3x�mp��o XM�p�SikhudfmvgÔiTgS�Ô{]} {|XMgS�SdfgS� d�g
i ��U=XM�;x i	e�iT�vgSX`hudf��ýwXMx����Éî aSc;m&%nX%�Mh;d�mvg,mT¢�h;VSX�huc;iT��o7mvg]h;m h;VSX�_�Ê }7aSx iTgAX�d��>ýAh;huXM�¶hum	huVSX
�;X%�`humvc��Mc;mv�n�;d�gA��abmvdfg�h;�%±Ah;VSX^ß ÄSÄ º�VAdfhWabmv�;d�hudfmvgS�WiTgA��h;VSX�X%gSXMc;�T}�d�g�huVSX��ÍhumvaAaSd�gS���Mmv�Sg]huXMc¡{]}
��VwiTgS�vdfgS��huVSX¡d�gA�%d��AX%g]h@e�mTe�XMg�h;�Se5iTgA��h;VSX¡iTgS�vxfX�ikh@huVSX�X%g]h;cuiTgS�MXtmk¢þhuVAXtß Ä �Sg]hud�xSh;VSXWýSh;h;d�gS�
Ï � d���e�dfgSd�e�d��MX%�,~¤�;X%X��Kdf�v�ScnX��E�È� �¼UWVSX�aSc;m$%nXM�Mh;d�mvg mT¢�huVSX¼h;cuiT��o�mTg�h;m�huVSX�cÍÊ �¼aSx ikgSX¼d���¢¤cnmve
huVSX�X _Eh;cuiTabmvx�ikhudfmvg�mT¢zhuVSX��¡U¡º h;cuiT��o�h;m�huVSX^�MX%g]huXMc¡mk¢=�ÍhumvaAaSd�gS���Mmv�Sg]huXMc%�@ü9g�h;VSX�cÍÊ ��aSx ikgSXT±Ai
e�ikh;��VSd�gA��mT¢
h;VSX�X`_ph;cuiTabmvx iQhuX%�1hucuik��o�h;m�huVSX>e�X%iT�;�ScnX%�	��abmv�ndfhudfmvgS�M±|mv{Eh�iTdfgSX%�¥¢¤cnmve�huVSX>X%gS�EÊ
humkÊ X%gS�¥h;d�e�X)�Ad¦¥|X%c;XMgS�%XM��d�g¥h;VSX�dfgS�Sdfqpdf�S�wiTxzß ÄSÄ º#�^iTgS�1huVSX¼ß Ä �%mT�Sg]huX%cn�%±ªdf��X`_AiTe�d�gAX%���ZUWVAX
cuiTgS�TXtdfg�huVAXZß Ä d����OiTxf�%�Sx�ikhuXM��¢¤cnmve huVSX�awikhuV�x�XMgS�ThuV�mT¢ªhuVAXtýShnhuX%��hucuik��ob±AiTgS��h;VSXth;mTh�ikxbc;iTgS�vX
mT¢Kh;VSX)h;cuiT��o�df�t�%iTx��M�Sx ikh;X%��{]}�iT�S�SdfgS��h;VSX�huiTc;�TXMh¡cuiTgA�vXT±ÃhuVSX�ü ÊÍº#mT�Sg]huX%ctcuiTgA�vX>ikgS�1h;VSX)c;iTgS�vX
d�g�huVSX^�SX%iT��e�ikh;X%cnd iTxf�%�

à�iQh�i£�%mvxfx�X%�`huXM�7{]}Éh;VSX §C©=«© ~Í�È�Zhucnd��v�TX%c�iTc;X��nh;mvc;XM� mvg ¬T�v�1e�iT�vgSX`hudf��huiTabX%� � d�huV7i1humThuiTx
�wikh�i^�;df�%X��Sa�hum>�^UzX%c;i){]}�huXM�%�
ü9g�mTc;�SXMc@h;m)cnX%�S�A�%Xth;VSX��wikhui^h;m>i^c;X%iT�;mvgSiT{Sx�X��nd��%Xk±]h � m)�nhuXMaS�#mk¢
�wikh�iZcnX%�S�A�MhudfmvgS�
ikc;Xjh�ikoTX%g�aScnd�mvczhumZh;VSXW{wiT��o��vcnmv�SgS���nh;�S�A}T�
ü9g�huVSXjýwcn�nh@�ÍhuX%aþ±]�OiTxfx�X%�X¨]ÝKiT�n���"¨S±
{wiT�Sx�}�c;XM�%mvgA�nhucn�S�Mh;X%��X`qvXMg�h;��iTgS��mv{]qpd�mv�A�¡e>�Smvg1iTgS��{|X%iTe�{wiT��o��vcnmv�SgS�1XMqvXMg]hu�Zikc;X^c;XMe�mrqvXM�
{�} �nXMqTX%cuikx3�M�Ahu� � VSd���VÉe�ikd�g]h�iTdfg	VSd��TV7iT�M�%XMaAh�iTgA�%X�¢¤mTc)�	� ¦¨§ � ©=«© XMqvXMg]hu�%�£UWVSdf��¨]ÝKiT�n���"¨
aSc;mp�%XM�;�;dfgS��cnX%�S�S�MX%�Zh;VSX>�wiQh�i�{]}¥i�¢�iT�`humvc¡mT¢��r�A��ü9g�h;VSX>�nX%�%mTgS�	�nh;X%a�±��%iTx�xfX%��¨]ÝKik�;�^��¨A±|�nmve�X
x�mpmv�;X^qvXMc;�;dfmvgS��mT¢
h;VSX>ýwgSiTx�iTgSiTxf}p�;df���M�Ahu��ikc;X¼iTaAaSx�dfX%�1h;m�huVAX�¨]ÝKik�;�¼�"¨�mT�AhuaS�Eh��wikhui��uiTe�aSxfXT�
ü9g¯huVSXè¨]Ý=iT�;���$¨¶�wikh�i cnX%�S�A�Mhudfmvg�±¡�;mve�X��Mmve�{SdfgwikhudfmvgS��mT¢^huVSX�¨vÝKiT�n�¥�$¨¶�%�Ah;�£iTc;X��A�;X%� hum
�Sdfqpd��AXjhuVSX¡�wikhui^�;iTe�aSx�XWdfg�h;m>¬��vcnmv�SaS�lb
��ÿ � XMgSVwiTgA�%X%�þ±Ae��SmTg�XMgSVwiTgS�MX%��iTgS��{|X%iTe5X%gSVSiTgS�%XM�
{wiT��o��vc;mT�SgS�Ç�;iTe�aSx�XM�%� UWVSX�¨vÝKiT�n����¨ �M�Ahu��iTc;X£h�ik{S�Sx iQhuX%�,dfg U=iT{SxfX�¬A� UWVAX1�SX`qvXMx�mvaSe�X%g]h;�
mT¢jhuVAX�l#d�¢¤�Sc;�%ikhudfmvgÉ�M�Ahu��iTgS�7h;VSX�{wik��op�Tc;mv�SgA�¶X%�nh;d�e�ikhudfmvgS��iTcnX�abX%cn¢¤mTc;e�X%� � d�huVÉh;VSX�Ý=iT�;�¼�
mv�AhuaA�Ah��wikhui��;iTe�aAx�XT�
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º#�Ahu� ��ÿ � X%gSVSiTgS�%XM� Å1�Smvg�X%gAVwiTgS�MX%� l#XOike X%gSVSiTgS�%XM�
UKiTcn�vXMh�cnX%�MmvgS�nh;c;�S�`hudfmvg1�M�Ah Á Á Á
Ý@VAmThumvg�qTXMhum��%�Ah Á Á
§ � ¦ Üª�	�Smv�A{Sx�X�aS�Ax��;X�ýShnhudfgS���%�Ah Á Á
l#XOiTe!�wYÖk�E_<Ô X _phucui�{bXOiTeô�%�Ah Á Á
UKiTcn�vXMh�aAVSmThumTg�qTXMhum Á Á
àZX%x iO}TX%�£�%mvdfgS�%df�SX%gA�%X^�%�Ah Á
§ k�a=ÕÍÏ Ï ¼ 4¡�;X%xfX%�`hud�mTg��M�Ah Á
UKiT{Ax�Xt¬�b
ÝKik�;�¡���M�Ahu�3hum�aScnmE�A�S�%X�h;VSXZ��ÿ � ±Ee��Smvg�iTgS��{bXOiTe XMgSVwiTgS�MX%��{wik��op�Tc;mv�SgA���uiTe�aSx�XM�%�
UWVSX#aSVAmThumvg�qvX`hum��M�Ah�e�XOikgS�=aAVSmThumTg)qvX`humZdfg�h;VSXjl�Þ�±Ql3Þ�y
±QY�º iTgS�>ß Ä �ÈUWVSX § k�a=ÕFÏ Ï ¼ 4��nX%xfX%�Mh;d�mvg�%�Ah��nX%x�XM�Mh;��h;VSmv�nX�X`qvXMg�h;� � d�huV�aScnmve�aEh��SX%�%ir}�hud�e�d�gA�v�jiTgA� � d�huV�iTg]}£iT�`hud�qEd�hudfX%�jdfg�huVSXZhuiTc;�vX`hO�

-�.=C Ë 7:>:<�F 1';EDo987ÖP�50ý×/}98;,<G587/>
UWVSX��SX`huXM�MhumTc�iTgS�½huVSX�aSV]}p�;d��M��aScnmE�MX%�;�nX%��dfg7d�h>ikc;X�e�mp�SX%xfX%�½{]} i¥Å1mvg]huX�ºjiTc;xfm1�nd�e��Sx�ikhudfmvg
aSc;mv�TcuiTe�±]�OiTxfx�XM�_�ZÅ¥º�± � VSdf��V � iT� � cndfh;h;X%g��;abX%�%d�iTx�x�}�¢¤mvc@huVSX�Y��Tµ]��X _Ea|XMc;d�e�X%g]h#iTgS��VSiT�3{bX%XMg
e�iTdfg]h�iTdfgSX%�){�})huVSX�Y��Tµv�ZiTgS��Y@[T\][Z�Mmvx�x�iT{|mTcuikh;mvc;�M�ê��Å�º¶d��
iTg�ike�iTxf�]iTe mT¢Ã�n�S{Scnmv�AhudfgSX%��¢¤cnmve
huVSX�YÖØ Ä aSc;mv�TcuiTeÒawiT��oQiT�vX�iTgA��iZg��Se>{|XMc
mT¢bc;mv�Ah;d�gSXM� � c;d�h;huXMg¼�;abX%�Md iTxfxf}^¢¤mvcKh;VSXWX`_EabX%c;dfe�XMg]hu�%��ZÅ�º¶d�gS�Mx��S�AX%�
iTxfxEmk¢bh;VSXj�SX`huXM�MhumTc
X%x�XMe�XMg]hu�%±]X _E�%X%aEh�¢¤mTc=huVAXW{|X%iTeÒdfgS�nh;c;�Se�X%g]huikhudfmvg��SaS�ÍhucnXOiTe
mT¢�huVSX
h�ikc;�vX`hO±QiTgS�^�SX`ýwgSX%�ChuVAX%d�cþ�vX%mve�XMh;cn}ZiT�ª�%xfmv�;X@iT�Cabmv�;�nd�{SxfXKhumWh;VSX@iT�Mh;�wiTxvmTgSX%�M�Kü hC�vXMgSX%c;ikhuXM�
�wikh�iE±|X _A�MX%aAh�¢¤mvc¡h;VSX>U�à5ikgS�	ºWºjà aS�Ax��;X Ê9�nVwiTabX�d�gA¢¤mTc;e�ikhudfmvg�± � VSdf��V��Oikg�{|X>iTgwiTx�}p�%X%� � dfhuV
huVSX^m*9�d�gAX^iTgwiTx�}E�nd��WaScnmv�vc;iTeô¢¤mvcWcnXOiTxª�Sikh�iA�

UWVAXt�nd�e��Sx�ikhudfmvg�mT¢þoQiTmvg��SX%�%ir}p�3d�g¼huVSXtY@[T\][��SX`huX%�`humvc��nhuiTcnh;��¢¤cnmve5i�{bXOiTe ýwxfX � dfh;V�h;VSX�_|±
}v±A�ta|mT�;dfh;d�mvgA��mk¢Cokikmvg��SXM�OiO}p�Wd�g�huVSX�huiTc;�TXMhO�KUWVSX�ýwxfX¡¢¤mvc�XOik��V�{|X%iTe �%mvgS�Adfhudfmvg � iT�jmT{Ah�iTdfgSX%�
¢¤c;mveðikg7iTgSiTxf}p�;df��mT¢j�Mmvc;cnX%�na|mvgA�Sd�gS�1��� � e�mvgSd�humvc��Sikh�iA±ziTgA�É�ÍhumvcnX%�Éh;VSX�X%gSXMc;�T} �SXMa|mT�;dfh;�)mk¢XOiT��V oQiTmvg¶d�g h;VSX�l#\½âtmp�Smv�n�%mvabX£iTgS�¶huVAX�h�iTcn�vXMh1~¤d�gS�Mx��S�SdfgS�¥h;VSX%dfc¼iT�%�Md��SXMg]h�iTxWVSd�hu�u�){|X`¢¤mvc;X
huVSX�oQiTmvg,�%iTe�X�hum c;XM�nhO�7UWVSX��	� ¦ § � ©=«© �SX%�%ir} d����vXMgSX%c;ikhuXM� � d�huV¶huVAX�e�ikh;c;dÌ_7XMx�XMe�XMg�h
mT¢��;XMe�dfx�XMaAhumvgAd��£� �Ø Â �SX%�%iO}Ç�S�AX1hum½huVSX ~¤Þ¡Ê9î��¼d�g]h;X%cuik�Mhudfmvg��Ôîte�mvgA�ÉhuVAX¥� � �AX%�OiO} aSc;mp�EÊ
�S�Mh;�%±�aSVAmThumvg iTgS�7XMx�XM�Mhucnmvg dfg�h;X%c;iT�Mh;d�mvgS�)iTgS�½huVSXMd�c�X%gSXMc;�T}É�SXMa|mv�ndfh;d�mvgÉiTc;X��OiTxf�%�Sx�ikhuXM�É�A�;d�gA�
huVSX�c;mT�AhudfgSX%�Z¢¤cnmve(h;VSX�Y/Ø Ä \�X%xfX%�Mh;c;mve�iT�vgAXMhudf�`Ê �;VSm � X%c��;dfe��Sx�ikhudfmvg�awiT��oQiT�TX��Ó\]ò&! ���wmvc�VSX%irq�}
��VwiTc;�TX%��awikcnhudf�%xfX%�>~�e��SmTgS�%±baSd�mTgS�%±boQiTmvgS�tiTgS��aAc;mTh;mvgS��� ±bh;VSX>XMgSX%cn�T}1�SX%abmv�;d�hudfmvg1df�t�%iTx��M�Sx iQhuX%�
{�}�iT�A�Sd�gS�^huVAX�X%gAX%c;�k}�xfmv�;�nX%�3mT¢ªXOik��V�d�mvgAd��OiQhud�mTg�iTgS��X _A�Mdfhuikhudfmvg�X`qvXMg�h;�WiTxfmvgS�^huVSXt�nhuXMaS�3huiToTXMg
{�}�huVSX�awiTcÍhud��Mx�XM�%�
UWVSX�g��Se�{bX%c�mT¢=d�mvgSdf�Oikh;d�mvg�iTgS��X`_E�%d�h�ikh;d�mvg£XMqTX%g]hu�td��W�SX`huXMc;e�d�gSXM�1{]}£�Sd�qEdf�EÊ
d�gS�¥h;VSX�humkh�iTx#irqTX%c;iT�vX�X%gAX%c;�k}¶�SX%abmv�ndfhuXM� iTx�mvgA�¥huVSX��ÍhuXMa�±@mv{Ah�ikd�gSXM�¶�S�;dfgS��huVSX£l3XMhuVAX`ÊFl3x�mp��V
¢¤mvc;e��Ax iA±�{]}¶huVSX�e�dfgSd�e>�Se�XMgSX%cn�T} i½awikcnhudf�%xfX�xfmv�;XM��{bX%�%iT�S�nX¥mT¢ZiTgÇX`qvX%g]h%±jh�iTokX%gÇh;m7{bX¥ò]ã
XMÞ��SÅ1�Sx�hud�aAx�X�º#mT�Sx�mve>{��;�%ikh;h;X%c;dfgS�v�jmk¢C��VwiTc;�TX%�£awiTcÍhud��Mx�XM� � dfh;V�qkiTc;dfmv�S�#g��S�Mx�XMd�d�g�h;VSXZ�SX`huXM�MhumTc
iTc;X��%iTx��M�Sx ikh;X%�,iT�M�%mvcn�Sd�gA��hum	huVSX�h;VSX%mTcn}¶mT¢�Å1mTx�d�XMc;X[�Ó\]¬�!³± � dfh;V �Mmvc;cnX%�`hud�mTgS��¢¤mvc>h;VSX£�;aSdfg mk¢
huVSX��;�%ikh;h;X%c;XM�¶awiTcÍhud��Mx�X�iTgS�½huVSX�¢¤mvc;e ¢�ik�MhumTc)mT¢#huVSX�gp�A�%x�XM�S�©�Ó\v\(!³�£â�ik�Sc;mvgAd���d�g]huXMcuiT�`hud�mTgS�)mk¢
a|mv�ndfh;dfqvXMxf}���VwiTc;�TX%��aSdfmvgS�¡d�g£huVSX�aSx�iT�nh;d��^�;�Md�g]hudfx�x iQhumvcn�WiTc;X��Oikx��%�Ax ikh;X%���S�;dfgS��i��%mve>{Sd�gwiQhud�mTg�mk¢
�wikh�i¥iTgS� aSVAX%gSmve�X%gAmvx�mv�Td��Oikx�e�mp�SX%xf�©�Ó\�ã&!³�	UWVSX%cnX�d���iTg mvaAh;d�mvgÉd�g���Å�º iTx�xfm � dfgS���S�;XMc;��hum
hu�Scng�m�¥ gp�A�%x�X%iTc�iT{S�nmvc;aEhud�mTg�cnXOiT�`hudfmvgS�¡iTgS�£�SXM�OiO}p��d�g©Wwdf�vV]h�mT¢=aSd�mvgA�Wd�g�i¼�;d�e>�Sx ikh;d�mvgþ�

UWVAX¥iT�M�%�Sc;iT�M} iTgA� h;VSX1abX%cÍ¢¤mvc;e�iTgS�MX£mT¢�h;VSX���Å�º!iTcnX�qTX%cndfýwXM�Ç{]},�%mve�awiTcnd�gS�	h;VSX1�Adf¢ Ê
¢¤X%c;XMg]h)o�dfgSX%e�ikhudf��qkiTc;d�iT{Sx�XM��¢¤c;mTe �wikhui�ikgS�3��Å�º ¢¤mvc^��ÿ � iTgS�É��� � �SXM�OiO}p�%��ü h)�nVSmv�Sxf�7ikx��;m

¬vã



X%e�aSVwiT�nd��%XM�1h;Vwikh¡huVSX)e�iTdfg£c;mvxfX)mT¢KhuVSX>Å1mvg]huX�ºjiTc;xfm��nd�e��Sx�ikhudfmvg�d�g�huVSX)Y@[T\][�X`_Ea|XMc;dfe�XMg�h�d��
hum¼X%�Íhudfe�ikh;Xth;VSX^iT�%�MX%aAhuiTgS�MX^¢�ik�MhumTc;�#h;Vwikh�iTcnX�gSmThWmT{Ah�iTdfgSX%��¢¤cnmveñc;XOikxþ�wikhui£~�Xk��S�
�TX%mve�XMh;c;d��%iTx
iTgS�Éh;c;df�v�vX%c)iT�M�%X%aEh�iTgS�MXr� �¥ü9g �Mmvg]hucuik�nh>h;m¥mTh;VSX%c)awiTcÍhud��Mx�X Ê9aSV]}p�;df�%��X`_Ea|XMc;dfe�XMg�h;�%±�{SiT��o��vc;mv�AgS�
�nhu�A�Sd�XM�tikgS�£X%�nh;d�e�ikhudfmvgS�Wikc;X�abX%cn¢¤mTc;e�X%� � dfh;V�cnXOiTxþ�wikh�iE± � dfh;VSmv�Ah�VSXMx�a£mT¢=�;dfe��Sx iQhud�mTg�±EX _E�%X%aEh
¢¤mvcjhuVSX^�na|XM�%dfýS��{SiT��o��vc;mv�AgS�¥�S�AX^h;m�º#VwiTc;�TX)YK_E��VwiTgA�vX)cnXOiT�`hudfmvg��

-�.GF PTF�98FéK#<G587:> 13Do5¹<�FéDo50;
õ�R¦��R�Ö S Ü Øé� ê èÚÙ PSÙ Ø ��è Pwé Sþè ê è RTLÈÜ¤Ù ØÛ� NQÜ¤L è NQÜ¤P
ü hWd��3�%c;�A�%d ikx|hum>c;X%���Sdfc;X�h;Vwikh�i)�;d�gA�vx�Xtokikmvg�X%g]huXMc;�jh;VSX�h�ikc;�vX`h�iTgS���SXM�OiO}p��ikhWcnX%�nh%�
ü9g£mvc;�SXMc#hum
X%gS�n�Sc;X@huVSXM�;X�c;XM�p�Ad�c;XMe�XMg]hu�%±Q�;X`qvXMcuiTxp�%�Ah;�CX`_EaSx ikd�gSXM�)dfg^h;VSX
¢¤mvx�xfm � d�gS�jaSiTcuiT�TcuiTaSVA�CiTc;X@aScnX%awiTcnX%���

Û�lÜÞÝ*ß¹�}à�á0Î$þ�âbãnþ�à?�lâbã©�Wáiä?å=æ
UWVAX�m*9�d�gSX��AX%x iO}TX%�,�%mvdfgS�%df�SX%gA�%X��%�Ehu�¼c;XM���Sd�cnX�huVwikh¼i�okikmvg¶�;VSmT�Sx��¶�SXM�OiO},ikh�x�XOik�nh��¥gS�

x ikh;X%c�huVwiTg¥dfhZXMg]huX%cn��huVAX>h�iTcn�vXMh%±þgwike�XMxf}èç9ÿ�x�ç0e¡é ��gA�%± � VSXMc;X�ç0eúd��th;VSX>huiTc;�vX`h�oQiTmTg�hud�e�X
¢¤c;mve huVSX£iOqTX%cuik�vX�hud�e�X�mT¢�h;VSX�h�iTcn�vXMh�oQiTmTg ýw{|XMc;�M±#iTgA��ç9ÿ�d��>h;VSX�h�iTcn�vXMh�aAd�mvg h;d�e�XT± � VSdf��V
d��¼huVSX�iOqvXMcuiT�TX1hudfe�X�mk¢�huVAX�huiTc;�vX`h�aSd�mvg¶ýw{bX%cn�%�¯UWVAX1�Sdf�nh;c;d�{A�Ahudfmvg,mT¢:ç9ÿ�x�ç0eñdf���nVSm � g¯d�g�Kd��v�Ac;X£�v�p� UWVSXèç9ÿ�x	ç0e5�Sdf�nhucnd�{S�Ehud�mTg7¢¤mvc�huVAX�okikmvg �AX%�OiO}p��ikh�c;XM�nh��;VSm � ��iTg,X`_EabmvgSX%g]h;d iTx
�%�ScÍqvX � d�huV�i�oQiTmvg¥xfdf¢¤X`hud�e�XZmT¢j�È��gS�M± � VSdfx�X�huVSikh�¢¤mvcWh;VSX>�n�OikhnhuX%cnX%�	aSdfmvgS�¡mvc¡okikmvgS���AX%�OiO}pd�gA�
d�gÔWSd��vV]h��nVSm � �£i7aScnmve�aEh�abXOiTo,mT¢�iTcnmv�SgS�¯�7gS�%� Å�mv�nh�mk¢ZhuVSXM�;X	X`qvX%g]h;�1ikc;X¥cnX%e�mrqvX%�Ô{]}
huVSX�cnX%���Sdfc;X%e�X%g]hJç9ÿ�x�ç0eêéÒ��gS�M� Ä d�gS�MX�huVSX�aAc;X%�Md��nd�mvg�mk¢�h;d�e�d�gS��e�XOiT�n�Sc;XMe�XMg�h^�AX%abX%gS�S��mTg
VSm � e�iTg]}�ýw{bX%cn�ZiTcnX>VSd�h¡{�}£h;VSX>aSdfmvgS�tiTgS�¥h;VSX�okikmvgS�%±|i�g��Se>{|XMc�mT¢
�MmvgS�nd��nh;X%gS�`}¥��VAX%��o��^iTc;X
iTx��nm¼a|XMcn¢¤mvcne�XM��{bXMh � X%XMg¥huVAX�e�XOik�;�ScnX%e�X%g]h¡mT¢=huiTc;�TXMhWýw{bX%cn��iTgA�£h;VSX^e�X%iT�;�Ac;X%e�X%g]h�¢¤c;mTe!huVSX
mThuVSXMcj�;�A{EÊ9�SX`huXM�MhumTc;�%±wdfg�mvc;�AX%cjgSmkhjhum¼dfg�h;c;mp�S�S�MX^iTg]}�{bXOiTeñ{wiT��o��vcnmv�SgS���S�SXZh;m¼i�{wiT��hudfe�dfgS�
e�X%iT�;�ScnX%e�X%g]hO��ü ¢jhuVAX%c;X�d���iTg]} VSdfg]h)mk¢j{wiT�½�%mTgS�;df�nhuXMgS�M}T±KhuVAX�iT{bmrqvX��SX%x�iO}vX%�7�%mvdfgS�%df�SX%g]h��%�Ah
� d�x�x|{|X�h;d��vV]huXMg£�Sa�h;m�òTgS�%�à|ëíìbà�îÚáiä�åÖþ�âïå=ðE�Ðñ8ò�ó�Îôà?Î�æ�ã©Î©ÌE�

UWVAX)�wYÖk�p_��%�Ah¡d�g£huVAX)l3\�â¡mE�SmT�;�%mTa|X^c;XM���Sd�cnX%��huVwikh�h;VSX^X%gSXMc;�T}£�SXMa|mT�;dfh¡mT¢�iTg£d�gS�Mmve�d�gS�
{|X%iTe(aSiTcnh;d��%xfX>df�Z�%mvgA�;d��ÍhuXMg�h � d�huV�h;Vwikh�mT¢
h;VSX¼oQiTmvgS�M�)UWVAX�qvX%xfmE�Mdfh9}1mT¢@oQiTmvgS�M± � VSmv�nX¼X%gSXMc;�T}
x�mv�n�>d�g h;VSX��SXM�vcuik�SX%c¼df�>x ikc;�vXk±�d����¸õ �A�Æãv�E± � VAd�x�X�huVwikh>mT¢¡aSd�mTgS��d����¡õï�E�Æ[]���Ó\��±! �½Ë^iTmvgS�
~�aSdfmvgS���WhuVSXMc;X`¢¤mvc;X��AX%abmv�;d�hZx ikc;�vX�~��ne�iTxfxø�jX%gAX%c;�Td�X%��d�g¥h;VSX¼l#\�â¡mE�Amv�;�Mmva|Xk�ZUWVSX¼�wYÖk�p_�dfg¥huVSX
l#\>â¡mE�Amv�;�Mmva|X¡d��@�nVSm � g�d�g �Kd��T�Sc;Xt�T¬A�KY�qvX%g]h;�WiTc;X¡c;XM���Sd�cnX%��h;m)�;ikhudf�n¢ø}¼h;VSX�l3\>�wYÖk�E_��Tc;XOiQhuX%c
huVwiTg7�v�Æµvã�Å1X`Þ��þUWVAX�aSd�mTg¥XMqTX%g]hu��dfg1h;VSX>abXOiTo�mT¢�h;VSX¼yCiTgS�SiT���Sdf�nhucnd�{S�Ehud�mTg¥iTcnX)cnX%e�mrqvX%�	{]}
huVSdf�W�%�Ah%�

áiä�å�æÀÎ|â�ëdî,å�ÍªÝöñJ�}Ý*÷ùø¨Ý*Ísåpþ.ãlÜ¯�©æ�Ý*å0å�ðE�ûú�ÍªÝ?ã©üÚúéþ�÷ý�
UWdfe�dfgS��e�XOik�;�ScnX%e�X%g]hZ¢¤c;mTeûh;VSX¼{bXOiTe»�%mv�Ag�h;X%cn�^iTc;X>ýSc;�nhZ��VSX%��okX%� ikgS�	�%mve�awiTcnX%�¥h;m�huVSX

hucuik��oÉhudfe�X��SXMh;X%cne�dfgSX%�,{]} huVAX£ß Ä �=UWVSX£U�à^º5h;d�e�X%��e�XOik�;�ScnX%�,{]}¶{|mkhuV huVAX�Ó+e5iTgS�¶huVSXÓ#ÿ�iTcnX¼�S�;XM� h;m£�%mve�awiTcnX � dfh;V�huVSX�h;cuiT��o¥h;d�e�X>�SX`huXMc;e�d�gSXM�	{�}¥huVSX�ß Ä ��Y�qTX%g]hu�)iTc;X¼cnX8%nXM�MhuXM�
df¢Kh;VSX>h;d�e�d�gS���%mTgS�;df�nhuXMgS�M}1d��tmv{S�nX%cnqTX%�	hum�{|X � dfh;VSd�g�®)�kgA�%�A�=d��v�ScnX��Q\��;VAm � h;VSX��;dfgS�vxfX�oQiTmTg
{|X%iTe �nd��vgSiTx#dfgS�Sd��%ikhuXM�¶{]}7huVAX£��� � e�mvgSd�humvc)iTgS�¶h;VSX § � ©=«© h;c;d��T�vX%cn�%� Ä d�gA�%X�huVAX�d�gS�Mmve�d�gS�okikmvg1{bXOike d�g]huXMgS�;d�h9}£d���VSdf�vV�iTgS�¥�%iTg��OiT�S�nX�i�U�à^ºúaSdfx�X`Ê �Sa�±Ah;VSX>ºWºjà hudfe�XM�¡iTgS�£huVSX�U�à^º

¬Tò



tπ - tK (ns)

Ev
en

ts

K+

π+

1

10

10 2

10 3

0 5 10 15 20 25 30 35 40 45

�Kd��v�Ac;X��v��b>àZd��nh;c;df{S�Ahudfmvg mT¢#h;VSX�h;d�e�X��Sd¦¥|X%cnX%gS�MXT±Èç9ÿ�x±ç0e�±=¢¤mTc��AX%�OiO}]ÊFiQhnÊ9cnX%�Íh�oQiTmvg¯~��wiT�nVSX%�w�
iTgS�Ç�n�OikhnhuXMc;X%�ÇaSd�mvg ~��nmvx�df�Ã�>XMqTX%g]hu�M� UWVSX�hud�e�X��Sdr¥þXMc;X%gA�%X1¢¤mTc�oQiTmvgA��df���SXMc;d�qvX%� ¢¤c;mve¨oQiTmTg
�SX%�%ir}¥XMqTX%g]hu��d�g¥h;VSX¼��� � e�mvgSdfh;mvc�huc;df�v�vXMc��wikhuiA±ªiTgA��huVwikh�¢¤mvc��n�OikhnhuX%cnX%�½aSd�mTgS��df��¢¤c;mve(Ý
d�mvg
Ä �OikhnhuXMc;d�gA��X`qvXMg�h;��dfg�huVSX §z©=«© ~F�È�#hucnd��v�vXMcj�wikhuiA�

K+π+

↓
Cut

B4 dE/dx (MeV)

Ev
en

ts

0

200

400

600

0 1 2 3 4 5

�Kd��v�Ac;X)�T¬�bW�wYÖk�p_¥dfg1h;VSX�l#\�âtmp�Smv�;�MmvabX)¢¤mvc¡{|X%iTeûoQiTmvgS��~��wiT�nVSX%�w��iTgS�1aSd�mvgA�¼~��nmvx�df�Ã�`�WUWVAX
okikmvg£XMqvXMg]hu�tiTc;X^�SXMc;dfqTX%�£¢¤c;mveñhuVSX^oQiTmvg£�SXM�OiO}£XMqTX%g]hu�¡d�g�h;VSX���� � h;c;d��T�vX%cj�Sikh�i�iTgS��h;VSX^aSd�mvgXMqvXMg]hu�WiTcnX¡¢¤cnmve Ý
d�mvg Ä �%ikh;h;X%c;dfgS�>X`qvXMg�h;�jd�g�huVAX §z©=«© ~Í�È��hucnd��v�vXMc@�wikh�iE�
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d)

�Kd��v�Ac;X��k\=bCUWVSX3e�mTe�XMg�h;�Se mT¢S��VwiTc;�TX%�>aSiTcnh;d��%xfX
qvX%cn�;�S�=huVSX�U�à^º½hudfe�X@�vd�qvXMg>{]}�huVSX<¢º#X%cnX%gSokmÈq
�%mv�Sg]h;X%c;�WcnX%x�ikhud�qvXth;m�huVwiQhW�vdfqTX%g�{]}�h;VSX^ß Ä �S��� � e�mvgSd�humvc�d��j�A�;X%��¢¤mvc#c;X%aAc;X%�nX%g]hudfgS�¼huVSX��;d�gA�vx�Xokikmvg�{bXOiTeñXMqTX%g]hu�¡iT�j�nVSm � g£d�g�iv�#iTgS��{w�`�
UWVSX��Mmvc;cnX%�;abmvgS�Ad�gS��aAx�mTh;�3¢¤mvc#h;VSXZX`qvX%g]h;�Wd�g § � ©=«©
huc;df�v�vXMc;��ikc;X��;VAm � g d�g¶�O�>iTgS�,�Ã� �7UWVSX£ikc;c;m � �¼dfgS�Sd��%ikhuX�huVSX�cnX8%nX%�`huXM� h;d�e�d�gS��c;XM�vd�mvgA� � dfhuV
{|X%iTe {wiT��o��vc;mT�SgS���%mTg�huiTe�d�gwikh;d�mvgþ�=UWVSX��nh�iQhud��Íhudf�%��d�g�h;VSX%�nXZaSxfmThu��¢¤mvc §ª�ª©=«© hucnd��v�TX%c;�3iT�M�%mv�Sg]h;�
¢¤mvc�iT{bmv�Ah¡�A���È¹ñmk¢=h;mTh�iTxþokikmvg�WS�E_|�
hucuikd�x�dfgS�kÊ X%�S�vX�h;d�e�X%��aSc;mrqpd��AX%�Ô{]} h;VSX º#VSXMc;XMgSoTmrqÔ�Mmv�Sg]huXMc;�£iTcnX�iTxf�;m7�A�;X%�Ôh;m7�Sm h;VSX¥�;iTe�X
�%mve�awiTcnd��;mTg � d�huV�huVSX^huc;iT��o�hud�e�XT�#Y�qvX%g]h;�^iTc;X�c;X¹%nX%�Mh;X%��d�¢Kh;VSX�ºWºjà hud�e�X%�¡mT¢=huVSX>º#VSX%cnX%gSokmrq
�%mv�Sg]h;X%c;��mvc3huVSX�U�à^ºÇhuc;iTd�xfd�gS�QÊ9X%�A�vX¡h;d�e�X%�3mT¢êÓ#ÿ�iTc;X��%mvgS�nd��ÍhuX%g]h � dfh;V�huVSXZh;cuiT��o�hudfe�XM� � dfh;VSd�g
®)�kgA�%���ÃmTc^h;VSX�U�à^ºÒh;cuiTdfx�dfgS�kÊ9XM�S�vX>h;d�e�X%��mT¢+Ó+et±=huVAX�hudfe�dfgS� � d�gA�Sm � �>qkiTcn}	¢¤cnmve ®)�QgS�>hum
®�¬A�ÆãkgS�M±E�AX%abX%gS�SdfgS�>mTg�huVAXtxfX%gS�Th;V�mk¢ªoQiTmvg��SX%�%ir}�hudfe�XW�AXMhuXMc;e�d�gSXM��{]}¼huVAXth�ikc;�vX`h�ýS{|XMc;�%�
UWVAX
c;X8%nXM�Mh;X%�¥h;d�e�d�gS��c;XM�vd�mTgS�¡¢¤mTc¡h;VSX § � ©=«© hucnd��v�TX%c;�¡�Sm�gSmTht�;VSm � X%d�huVSXMc�i���� � e�mve�X%g]h;�Se�a|X%iTo
mvc�i���ÿ � e�mTe�XMg�h;�Se»a|X%iToÃ±ªd�gS�Sdf�Oikh;d�gS��huVwiQhZhuVSX¼�Mmvc;cnX%�na|mvgA�Sd�gS�£X`qvX%g]h;�)ikc;X¼gSmThZ�;d�gA�vx�X Ê9oQiTmvg
{|X%iTe��M�=î,�Mx�mv�nX3xfmEmvotd�g]hum�huVAX�X`qvXMg�h;��c;X¹%nX%�`huX%�>{�}�Ó+e	hudfe�XM�ª�%mvg]huiTd�gS�ziTxfe�mT�nhCX%���wikxEike�mv�Ag�h;�=mk¢
�;d�gA�vx�XW{bXOiTe {wiT��o��vc;mT�SgS��ikgS���Amv�S{SxfXW{|X%iTe5{wiT��o��vcnmv�SgS��± � VSdfx�XjhuVAX¡�nd�gS�Tx�XW{bXOiTe {SiT��o��vc;mv�AgS�
d�gS�Mc;XOik�;X^hum�iT{|mT�Ah��T�]¹!d�g£huVAX)X`qvX%g]h;�Zc;X¹%nX%�Mh;X%��{]}�Ó#ÿ¼hudfe�XM�%� Ä d�gS�MX�h;VSX)l/)�Ý�º �OiTg1aSc;mrqpd��SX
hud�e�d�gA�¼e�X%iT�;�ScnX%e�X%g]h�¢¤mTc¡h;VSX)dfgS�%mTe�dfgS��{|X%iTe1±wh;VSX)h;d�e�X%�W¢¤c;mve�{bmTh;V1h � m���VwiTe�{bX%cn�ZiTcnX>ikx��;m
�%mve�awiTcnX%�£hum¼huVSX^huc;iT��o�hudfe�XZh;m��;X%X)df¢zhuVSX`}�iTc;X � d�huVSdfg£h;VSX�hudfe�dfgS� � d�gS�Am � �¡mT¢�®^\A��ãkgA�%�#UWVAX
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U�à^º h;d�e�X>ikgS��huVSX¼ºWºjà5h;d�e�X)e�XOik�;�ScnX%�	{]}1h;VSX¼l#\£â¡mE�Amv�;�Mmva|X�iTc;X>iTx��nm��%mve�awiTcnX%�¥h;m�huVSX
hucuik��o�hudfe�Xk�@Y
qTX%g]hu��iTc;X^cnX8%nX%�`huXM�¥df¢zhuVAX)iOqTX%cuik�vX)U�à^ºÔhudfe�XZmk¢�VSd�h�e�mp�S�SxfX%�jdf� � d�huVSdfg�®)�p��ãkgA�
mT¢Kh;VSX)h;cuiT��o�h;d�e�XT±wmvc�huVSX>iOqvX%c;iT�vX�ºWºjàÒhudfe�X^mT¢KVSdfh¡e�mE�S�Ax�X%��df� � d�huVSdfg�®¼�v�ÆãkgS�¡mT¢�huVAX�h;cuiT��o
hud�e�XT�^UWVSX�ºWºjà aS�Sxf�;X¼�;VSiTa|X�cnX%�%mTc;X%� {]}�h;VSX�l#\�âtmp�Smv�n�%mvabX¼d���ýAh;huXM� � d�huV i��Smv�A{Sx�X Ê9aS�Sxf�;X
iT�;�n�Se�aEhud�mTg�� Y�qvXMg]hu��iTc;X¥c;X8%nXM�Mh;X%�Ôdf¢�iÉ�;d��Tgwikhu�Ac;X¥mk¢^�Smv�S{SxfX¥aS�Ax��;XM��iTgS�¯h;VSX¥h;d�e�X�¢¤mvc�huVSX
�%mvcnc;X%�na|mTgS�Sd�gA���nX%�MmvgS�¥aA�Sx��nX)ik�vc;XMX%� � dfh;V£h;VSX�huc;iT��o�hudfe�X � d�huVSdfg�®�¬E��ãkgA�%�

ñJ�}Ý*÷ÿþêþ¯üU�lÜ þ¯ðEÎ�Îôà�áiä?å
Ë^iTmTgS�%± � VSdf��V��Mmve�Xjhum^c;XM�nh�d�g¼huVAX�huiTc;�TXMhO±]�;ikhudf�n¢ø}�i^cnX%x�ikhudfmvg¼{|X`h � XMX%g�huVSX�X%gAX%c;�k}¼�SX%abmv�ndfhu�

d�g>h;VSXWl#\�â¡mE�Amv�;�Mmva|X�~�l#\Z�wYÖk�p_w� ±vhuVSX#X%gSXMc;�T}>�SX%abmv�;d�hu��dfg>huVAX#h�iTcn�vXMhW~��TeW�KiTgA�>huVSXW�ÍhumvaAaSd�gS�
�>abmv�;d�hud�mTgS�%± � VSdf��V	iTc;X)c;XMx ikh;X%�1h;m�huVAX>oQiTmvg1awikhuV¥x�X%gA�ThuV ~��*eEk�Ï����È� �tUWVAX��nh;mvaSaSdfgS���)a|mv�ndfh;d�mvg
¢¤mvc
huVSX¡oQiTmvg��OiTg�{|X � XMx�xÃe�XOiT�n�Sc;XM��{]}¼huVSX�h�ikc;�vX`hjiTgA���%iTg�mvgAxf}¼{bXt�AX%c;d�qvXM��{]}�X`_phuc;iTa|mTx ikh;d�gS�
huVSX��tU¡º5huc;iT��o hum	huVAX��AX%�OiO}¶qTX%cnh;X`_ �S�nd�gS�	huVAX�_�Ê }¶a|mT�;dfh;d�mvg¶e�XOik�;�ScnX%e�X%g]h�d�g¶huVSX�huiTc;�vX`hO�
UWVSX��ÍhumvaSaAd�gS����a|mT�;dfh;d�mvgA�^¢¤mTc)�n�OikhnhuX%cnX%�¶aSdfmvgS�>iTgS� oQiTmvgA�>�SXM�OiO}pd�gS��dfg
Wwdf�vV]h>cnX%aScnX%�nX%g]h¼huVSX
a|mv�ndfh;d�mvgS� � VSX%cnX¼huVSX¼�n�OikhnhuX%cnd�gS��iTgA�½�AX%�OiO}]Ê9dfgEÊ²WSd��vV]h�mp�%�M�Sc%��°�gAX � d�x�xzhuVSXMc;X`¢¤mvc;X¼X _AabX%�`h^huVwikh
huVSXjaSikhuV�xfX%gS�khuV � dfx�xp�Sd��;iT�vc;XMX � d�huV¼iZgSmTc;e�iTx�okikmvg¼�%mve�d�gA�thum�c;X%�Íh
d�g)huVSX#huiTc;�TXMhO�=îÇxfd�oTXMx�dfVSmEmp�
d��
�%mTgS�nh;c;�S�`huX%��{]}¼huVSXM�;X�huVScnX%X¡�p�SiTg]hudfh;d�XM��hum��;X%aSiTcuikh;XWhuVSX�oQiTmvg��SX%�%iO}E�3ikh�c;XM�nh@¢¤c;mTe huVSX�mTh;VSX%c
{|X%iTe¨awiTcÍhudf�%x�XM�%� UWVSX¥xfd�okX%x�dfVSmpmE�7qkiTxf�SX%�¼¢¤mvc�oQiTmvg �SXM�OiO}p��ikh�c;XM�nh�iTgS� �;�OiQh;huXMc;XM�ÇaSdfmvgS��iTc;X
�;VSm � g�dfg��Kd��T�Sc;X¡�vãp�KUWVSdf���M�Ah�c;XM�p�Ad�c;XM�
huVwikh�X`qvX%g]h;�3�nVSmv�Sxf��VwiOqTX¡h;VSX�x�d�okX%xfd�VSmpmE��qkiTx��SXW�Tc;XOiQhuX%c
huVwiTg��E��ü hWikx��;m>c;X%���Sdfc;XM�3huVSikhWi>oQiTmTg��%mve�d�gA��h;m�c;XM�nhW�nVSmv�Sxf��VwiOqvX�ikg�X%gSXMc;�T}��vcnXOikh;X%c#h;VwiTg£�vã
Å1XMÞÒiTgS�£huVAX�g��Se>{|XMc¡mk¢KoQiTmvg�ýw{bX%cn�t�Tc;XOiQhuX%cjh;VwiTg¥�E�

õ�R¦��Rfä Ù Ü ØCè é7PALÈÜ�R 	�è RvÙ Ø JMLONkÛzRTLÈÜ¤Ù Ø
Ä d�gS�MX�huVAX��;d��TgwiTxbd��j�SX`ýwgSXM��dfgS�;df�SX�h;VSXZc;XM�vd�mTg�{|X`h � XMX%g£huVSX���ÿ � iTgS�£��� � o�d�gAX%e�ikhudf��abXOiTo��Wd�ghuVSdf��iTgwiTx�}E�nd��M±Sdfh�df�jqvX%cÍ}£d�e�a|mTcnh�ikg�h#hum�aSc;mrqpd��SX�i¼�%mTc;c;XM�Mh¡e�XOiT�n�Sc;XMe�XMg�h¡mT¢=huVSX^��Vwikc;�vXM��h;cuiT��o
opdfgSX%e�ikh;d��%��iTgS� i�abm � XMcn¢¤�SxKawiTcnh;d��Mx�X>df�SX%g]h;dfýw�%ikhudfmvg��ZUWVSX��	� ¦¨§ � ©=«© �;df�vgwiTxzd��t�;XMx�X%�`huXM�½{]}
huVSX�¢¤mvxfx�m � d�gS�>c;X%���Sdfc;XMe�XMg�h;� b
ø�ð Ý|æ����,Ì Ý?ã©�öáiä�å�æ

UWVAX¼Ý
VwiT�;X Ä awiT�MX�º#�Ahu��cnX%���Sdfc;X)h;VwikhthuVSX�e�mve�X%g]hu�Ae1±Ão�d�gSX`hudf�>X%gAX%c;�k}�iTgA��cuiTgA�vX>�nVSmv�Sxf�
{|X�dfg£h;VSX�¢¤mvx�xfm � d�gS��cnX%�vdfmvgS�lb

Å�mve�XMg]hu�Se b �E�v�	�ÛÙ
���v�T[�Å1X`Þ�k�k±
Y
gSXMc;�T} b �v�Èã������ �r¬]ã�Å1XMÞ>±
ß¡iTgS�TX b ¬v¬�Û��� \]�¼�%e��

ît���;VAm � g dfg �Kdf�v�Sc;X �È�E±�h;VSX �SaSabX%c¥X%�S�vXM��mT¢¼h;VSX �;df�vgwiTx^cnX%�vdfmvg iTcnX iTawikcnh¥¢¤cnmve huVSX
��� � abXOiTo��M�Çâ¡m � XMqTX%cM±jhuVSX£x�m � X%c�X%�A�vX%��iTc;X£mvg¶h;VSX�h�iTdfx���mT¢thuVSX���ÿ � opdfgSX%e�ikh;d��%�¼�Ad��nh;c;df{S�EÊhud�mTgS�%� Ä d�gA�%X�i��n}p�nh;X%e�ikhudf���;VAdf¢øhtmvg�X%d�huVSXMc�e�mve�X%g]hu�Se�mTc�X%gAX%c;�k}¥mvc¡cuikgS�vX>mk¢@��VwiTc;�TX%�¥h;cuiT��o
�OiTg�xfXOiT��h;m�huVSX^��� � {wiT��o��vcnmv�SgS�£e�d��vc;ikhudfgS�>dfg]hum>h;VSX��;df�vgwiTx|{|mO_|±AhuVAX^iT{|mrqTX�opdfgSX%e�ikh;d��tqkiTxf�EÊiT{Sx�XM��iTc;X¼ýwcn�nh)��VSX%��okX%����ü h�d��^mv{A�;X%cÍqvXM�7huVwiQh�h;VSX�c;X%�nmvx��Ehud�mTgS��mT¢#h;VSX%�nd��^o�d�gSXMe�iQhud���qkiTxf�wiT{SxfX%�
iTc;Xt�;mve�X � VwiQhW�SX%abX%gA�SX%gS�MX^mT¢ªhuVSX�a|mvx�iTcjikgS�vx�X¡mT¢ªh;VSX���VwiTcn�vX%��h;cuiT��oÃ�@UWVSXZe�XOiT�n�Sc;XMe�XMg]hW�;�A¢ Ê
¢¤X%c;��i � mvc;�nX�c;XM�;mvxf�Ahudfmvg¥Xn¥þXM�Mh � VAX%g i���VSiTc;�vXM��huc;iT��o£VwiT�Zi��;e�iTx�xfX%c�a|mTx iTc¡iTgS�Tx�XT��Uzm�c;XM�S�S�MX
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huVSdf�jd�e�awiT�`hjmvg�h;VSX�{wiT��o��vcnmv�SgS��x�X`qvX%xþd�g�h;VSX��;df�vgwiTx|{|mO_|±AhuVAX^Ý@VSiT�;X Ä aSiT�%X^�%�Eh�iTc;XZh;d��vV]h;X%gSXM�
iT�%�Mmvc;�SdfgS�¼hum¼huVAX^¢¤mTx�x�m � dfgS���%mTgS�Sdfh;d�mvgA� bÙzÐ ¼�� Î Ù�� ¼ Õ£k,xÒÙ�� ¼ Õ��ôG� é��p��ã��

��Ð ¼�� Î ��� ¼ Õëk,x���� ¼ Õ��ô�� é��E�Æã����Ð ¼�� Î ��� ¼ Õ£k,xÒ��� ¼ Õ��ô�� é��E�Æ�vã��
� VSX%cnXèÙ�� ¼ Õ£k`± ��� ¼ Õëk`±���� ¼ Õ£k�iTcnX1huVAX�e�X%iT�;�Ac;X%�¯qkiTxf�SX%��mT¢�e�mve�X%g]hu�Se�±jXMgSX%cn�T}ÔiTgA�¯cuiTgA�vX(�Ù�� ¼ Õ��k±`��� ¼ Õ��T±�iTgS�Ò� � ¼ Õ���iTc;X�h;VSX£��ÿ � o�d�gSXMe�ikh;d���a|X%iTo7abmv�;d�hudfmvgS��ik�>¢¤�SgS�`hud�mTgS��mT¢�huVAX�a|mvx�iTciTgS�£iT�Md�e��Ah;VwiTx|iTgS�vxfX%�l�SiTgS�©ôG�
±�ô��
±SiTgA��ô��¥iTc;X�h;VSX%dfcjc;XM�;mvxf�AhudfmvgS�#iT�Wi>¢¤�SgS�`hudfmvg�mT¢ªhuVAX�a|mvx�iTc
iTgS�vxfXT��l3X%�Oik�S�;XZmk¢þhuVAX%�;X¡hudf�vV]huX%gAX%���M�Ah#�MmvgS�Sd�hudfmvgS�%±]h;VSXt{SiT��o��vc;mv�AgS���%mTg�huiTe�d�gwikh;d�mvg��SmpX%��gSmTh
�SX%abX%gS��mvg£huVSX^abmvx ikcWiTgS�1iT�%dfe��Ah;VwiTx�ikgS�vx�XM�%�

à|ëíìbà�îÚáiä�å�æ�þ�âïå=ðE�"!uÝ*â$#?�"�Iå.Ý?ã©ü
î e�iTd�g£aS�Scna|mT�;X�mT¢Kh;VSX)�M�Ahu�td��Whum�c;XMe�mrqTX)X`qvX%g]h;� � dfh;V¥X%gAX%c;�k}£�SX%abmv�;d�hu�¡d�g£huVSX)ß Ä h;cuiT��o

�%mv�Sg]h;X%c;��h;Vwikh�iTcnX�gSmTh^�MmvgS�;df�nh;X%g]h � dfhuV�h;VSmv�nX�mk¢#i § �7h;cuiT��oÃ��UWVAX%c;X�df�^i��OiT�nX�h;Vwikh���VSiTc;�vXM�
awiTcnh;d��Mx�X%��dfgSX%x�iT�nh;d��%iTx�x�} ~¤mvc�X%x�iT�nh;d��%iTx�x�}S�¡�;�OiQh;huXMc^d�g	huVSX�ß Ä �n�%d�g]h;d�x�x�ikhumTc;�ZikgS�Éxfmv�;X�XMgSX%cn�T} mT¢#i
¢¤X � huXMgS��Å1X`Þ�d�g½huVSX��;�%ikh;h;X%c;dfgS��aScnmE�MX%�n�%��ü ¢¡i�Üª� ¢¤c;mTe ��� � �%mvgS�n�Se�X%��d�hu�>o�dfgSXMh;d���X%gSXMc;�T}d�g¶huVSX��;�%ikh;h;X%cnd�gS� aScnmE�MX%�;�M±jhuVSX£e�XOiT�n�Sc;XM�Ço�d�gAXMhudf��X%gSXMc;�T},df���SgS�SXMc;X%�Íhudfe�ikh;X%��±3x�X%iT�Sd�gA� h;m½i
{wiT��o��vc;mT�SgS� XMqTX%g]h>dfg¥huVAX¼�;d��TgwiTxKcnX%�vdfmvg��^UWVSXMc;X�d���ikgSmThuVAX%cZ�%iT�;X�h;Vwikh�i�aSVSmkhumvg	mvcZiTg X`_phuc;i
hucuik��o��SX%abmv�;d�hu��X%gAX%c;�k}£d�g�huVSX^huc;iT��o��%mT�Sg]huX%cn��ikgS��h;VSX�X`_phuc;i�XMgSX%cn�T}�d��W�%mT�Sg]huX%�¥{�}£î�à^º#�%��ü ¢
mvgSXWaSVSmkhumvg�¢¤c;mve ��ÿ � �SXM�OiO}��SXMa|mv�ndfh;�@h;VSX�X%gSXMc;�T}�d�g��;mve�XWmT¢bhuVSXWh;cuiT��o��Mmv�Sg]huXMc;�3iTgS��iTgSmTh;VSX%caSVSmTh;mvg£d��We�d��;�nX%�£d�g�h;VSX^�SXMh;X%�`hud�mTg�±AhuVAX�e�XOik�;�ScnX%�£o�d�gSX`hud���XMgSX%cn�T}�¢¤mvcjh;VSX^��VwiTcn�vX%�£huc;iT��o � dfx�x
{|X¼mrqvXMc;XM�nhudfe�iQhuX%�þ±ªc;X%�n�Sxfh;d�gS��dfg i�a|mT�;�;df{Sx�X>�%mvg]h�ike�dfgwikhudfmvg¥dfg�huVSX��nd��vgwikxKc;XM�vd�mTg��)Uzm�c;XMe�mrqTX
huVSXM�;X#{SiT��o��vc;mv�AgS��±]mvgSX�e��S�Íh�gSXMX%�>h;VSX#�SY/Q�E_�º#�Ahu��dfg)h;VSX#ß¡iTgS�TX Ä huiT��oÃ± � VSd���V�iTc;X��%mve�abmv�;XM�
mT¢=h;VSc;XMX^�%�Ah;� b¢ º#�Ah¡mvg1Å¥iQ_Ed�e>�Se Y
gSXMc;�T}�àZX`qEd�ikhudfmvgYb

UWVSX^X%gSXMc;�T}£�AXMqpd ikh;d�mvg�dfg£XOiT��V£huc;iT��o��%mv�Ag�h;X%c�d��Wdfg]qvX%�Íhudf�]ikhuXM���

Y
gSXMc;�T}��SX`qEd�ikhudfmvg½~�Ï ® �ÖÎ xfmv��� ®¼&% � x¶x�mv�`� ®� ¼ Õëkô ® � ~³�k\��

� VSX%cnXû� ®¼&% � iTgS��� ®� ¼ Õ£k iTcnX�huVAX�X`_Ea|XM�Mh;X%� iTgS�,e�X%iT�;�Ac;X%�,XMgSX%cn�T}¶�SXMa|mv�ndfh;��d�g h;VSX©�³h;V
huc;iT��o¥�Mmv�Sg]huXMc%±ªc;XM�;abX%�`hudfqTX%x�}v±CiTgS�[ô ® d���h;VSX¼�;df�ve�i�mT¢�x�mv�`� ®� ¼ Õëk �)UWVAX¼X`_Ea|XM�Mh;X%�½X%gSXMc;�T}�SX%abmv�ndfh¡d��¡�OiTxf�%�Sx�ikhuXM��¢¤cnmve huVAX)e�XOiT�n�Sc;XM��awikh;V¥xfX%gS�Th;V¥dfg�h;VSX>�Mmv�Sg]huXMc%±|iT�;�n�Se�dfgS��huVwikh
huVSX�h;cuiT��o,d���i½aSd�mTg�� UWVAX1xfmv�]iTcndfhuVAe df���A�;X%� ¢¤mvc�{|mTh;V h;VSX�X`_Ea|XM�Mh;X%�ÔiTgA�Çe�XOiT�n�Sc;XM�
X%gSXMc;�vdfX%��hum�c;X%�A�S�%X�huVSX>yzikgS�wiT��h�iTdfxªXl¥|X%�Mh%��ô ® df���OiTxfd�{Sc;ikhuXM� � d�huV1h;VSX)Ý@dfmvg Ä �OikhnhuX%cnd�gS�
XMqTX%g]hu�jdfg�h;VSX § kpa=ÕÍÏ Ï ¼ 4je�mvgSdfh;mvc�hucnd��v�TX%c%±piTgA��huVAX�X%gAX%c;�k}��AX%abX%gS�SXMgS�%X�mTg�huVAXVô ¸ �3df��huiToTXMgd�g]hum iT�%�Mmv�Sg]hO�/UWVSX	�Sdf�nh;c;d�{A�AhudfmvgS��mk¢�huVSX	e�iQ_Ed�e��Ae XMgSX%cn�T}¯�AXMqpd ikh;d�mvg ¢¤mvc�aSdfmvgÔiTgA�
e��Smvg�huc;iT��o��jiTcnX��;VSm � g�dfg��Kdf�v�ScnX��kòA��Y�qvXMg]hu�WiTcnXtcnX8%nXM�MhuXM��df¢bhuVAX�iT{A�;mvxf�AhuX�qkiTx��SX�mT¢|huVSX
e�iÈ_Adfe��Señ�SXMqpd�ikhudfmvg�d��W�vcnXOikh;X%cWhuVSiTg1mTcWX%���wiTx�h;m�\A�

\A�



¢ º#�Ah¡mvg�huVSX)º#mvgEýw�SX%gA�%X�yªX`qvX%xCdfg1ß Ä Y
gSX%cn�T}1Å1XOik�;�ScnX%e�X%g]hu�lb
î¶�%mvgEýw�SX%gA�%X#xfXMqTX%x]d��C�Mmve�aA�AhuXM� � d�huV�huVSX@XMgSX%cn�T}^�SXMqpd�ikhudfmvgS�ªd�g�iTxfxvmT¢phuVSX
h;cuiT��o��Mmv�Sg]huXMc;�%±
X`_E�%XMaAh^¢¤mvcZhuVAX�U#ÊFº#mv�Sg]huXMc%±ªhuVAX��ÍhumvaAaSd�gS���Mmv�Sg]huXMc�iTgS� huVSX¼�Mmv�Sg]huXMc�dfg � VSd���VÉi��;XM�MhumTc
�%cnmv�;�nd�gS� mp�%�%�Ac;�%� UWVSX£�%mTgAýw�SXMgS�%X Ê9x�X`qvXMxt�Sdf�nh;c;d�{A�AhudfmvgS�>¢¤mvc¼aAd�mvg iTgS� e��SmTg,h;cuiT��o���iTc;X
�;VSm � g d�gÒ�Kdf�v�ScnX��v�E�7Y�qvX%g]h;��iTcnX�c;X¹%nX%�`huX%� df¢�h;VSX��%mvgEýw�SX%gA�%X£x�X`qvX%xWdf��x�XM�;��h;VwiTg �A��T\S�
ü9g�h;VSX^�OiT�nX�h;VwikhWh;VSX^e�iQ_Edfe��Se!XMgSX%cn�T}£�SX`qEd�ikhudfmvg�d��Wabmv�ndfhud�qvXk±ShuVSX^�%�Ehtabmv�ndfhudfmvg�mvg£huVSX
�%mvgEýw�SX%gA�%X�x�XMqTX%xªdf�jhud��TV�h;X%gSXM��¢¤cnmve��A��T\�h;m��A�Æ�E�¢ º#�Ah¡mvg�yªd�oTXMx�dfVSmEmp��¢¤mvc�ß Ä Y@gAX%c;�k}1Å1XOiT�n�Sc;XMe�XMg]hu� b
î5x�dfoTX%xfd�VSmpmp�¥d����MmvgS�Íhuc;�A�MhuXM� � d�huV�huVAX�XMgSX%cn�T}	�Sdr¥þXMc;XMgS�%XM�X�W�¡Î x�mv��� ®¼�% � x x�mv��� ®� ¼ Õëk¢¤mvc^x iO}vXMc;���Sa hum1h;VSX�aSc;X`qpd�mv�S��x iO}TX%c�mT¢#h;VSX��ÍhumvaAaSd�gS��x iO}TX%c%��UWVSX��Ad��nh;c;df{S�AhudfmvgS��mT¢3huVSX
x�dfoTX%xfd�VSmpmp�tqkiTx��AX�¢¤mvcªaSd�mTg^iTgS��e��Smvg�huc;iT��o��Kikc;X
�;VAm � g)d�g��Kdf�v�Sc;X
�TµA�=Y
qTX%g]hu�=iTcnX�cnX8%nXM�MhuXM�
df¢ChuVAX�xfd�okX%x�dfVSmpmE��qTikx��SXk±('�� » ±Sdf�WgSmTh¡d�g�h;VSX^c;X%�Td�mvg���´)'�� » � �r�A�

!¨Ý*â$#?�+*�, Î|÷ý�lâEå�ä�÷�á0Î|â ænþ¯ælå\�lâbãlß<áiä�å
UWVAd��>�M�Ah)d����S�;XM� hum¥��VAX%��o � VSXMh;VSX%c>h;VSX�c;iTgS�vX�mT¢jh;VSX���VSiTc;�vXM�7huc;iT��o d����%mvgA�;d��ÍhuXMg�h � dfhuV

huVwikh�¢¤mvc¡aSdfmvgS�%�#îÒe��Amvg�h9}paSdf�OiTxfxf}�VSiT��i�x�mTgS�vX%c�c;iTgS�vX^huVwikg�i�aAd�mvg£¢¤mvc¡i��vd�qvXMg¥e�mve�XMg]hu�Se��
UWVSX^cuiTgS�TX��AXMqpd ikh;d�mvg�dfg�huVSX�ß¡iTgS�vX Ä huiT��o�d��W�AXMýwgSXM��iT�

Ï�� · ��Î �-� ¼ Õëk,xÒ� ¼�% �ô�� � ~³�vãv�

� VSX%cnXè��� ¼ Õ£k�df��huVAX¥e�XOiT�n�Sc;XM�¯cuiTgA�vX¥dfg huVAX�ß Ä ±:� ¼�% �	d���huVAX¥X`_EabX%�`huX%� c;iTgS�vX1d�g h;VSX�ß Ä ±
� VSd���V£d��W�%iTx��M�Sx iQhuX%��¢¤cnmveôh;VSX^e�mTe�XMg�h;�Se!e�XOik�;�ScnX%�£{]}�huVSX��¡U¡º � dfh;V�iTg�iT�;�n�Se�aEhud�mTg�huVwikh
huVSX�h;cuiT��o d���i aSdfmvg�±¡iTgS�Cô�� df��huVAX��;df�ve�iÉmT¢^huVSX	e�XOiT�n�Sc;XM� cuiTgS�TX	iT�£i7¢¤�SgS�`hudfmvgÔmT¢^huVSX
e�mve�X%g]h;�Se1�tUWVSX¼�Sdf�nhucnd�{S�Ehud�mTgS�tmk¢�h;VSX�c;iTgS�vX��AXMqpd ikh;d�mvg�¢¤mvcZaSdfmvgS��iTgS�	e��SmTgS��iTcnX��;VSm � g d�g�Kd��v�Ac;X^�T[E�@Y
qTX%g]hu��iTc;X^cnX8%nX%�`huXM�¥df¢Ch;VSX^cuiTgS�TX��AXMqpd ikh;d�mvg�df�W�vc;X%ikhuXMcWhuVwiTg1�E�Æ�E�
õ�R¦��Rfõ . Ü�Ù ØÇ× Ú èEØ LÈÜ0/KRvPALÈÜ¤Ù Ø
Ý=m � XMcn¢¤�SxAaSd�mvg>d��SXMg�h;dfýw�%ikhudfmvg�±Qx iTcn�vX%x�}^d�gS�AX%abX%gS�SXMg]h
mT¢whuVAXjo�d�gSXMe�ikh;d���c;XM�%mvgS�Íhucn�S�Mh;d�mvg�iTgA�¼aSVSmkÊ
humvg¯qTXMhumA±�d���i�¥þmTc;�SXM��{]} huVSX	mv{A�;X%cÍqkikhudfmvgÔmT¢^huVSX § � ¦ Üª� ¦ ï � �SXM�OiO}Ô�;XM���SX%gS�MXÉdfg¯huVSX
�nhumTaSaSd�gA���Mmv�Sg]huXMc%�@UWVSX��;df�vgwikh;�Sc;XZ¢¤mvcjh;VSd��W�AX%�OiO}£�nX%���SX%gA�%X�df��iT�W¢¤mvx�xfm � �lb¢ UWVSc;XMX�XMgSX%cn�T}	�SXMa|mT�;dfh;�%±=iTx��nm�c;X`¢¤X%c;cnX%�½hum�iT���naS�Sxf�;XM�ë¨�d�g	huVSX¼¢¤mvxfx�m � d�gA�S±þh9}paSd��%iTx
mT¢�huVSX

§ � ¦ Ü�� ¦ ï �½�AX%�OiO}£�nX%���SX%gA�%X¼iTcnXZ¢¤mv�SgS��d�g�h;VSX^�nhumTaSaSd�gA���Mmv�Sg]huXMct�Mmvc;cnX%�na|mvgA�Sd�gS��hum
x�d�¢¤XMhudfe�X¡mT¢=aSd�mTg7~³�TòA��¼gS���¾ò�! �jiTgS��e��SmTg7~³�E�r[]��gS��� ò�! �W�AX%�OiO}�ikh�cnX%�ÍhO�¢ UWVSX�opdfgSXMh;d��@X%gAX%c;�k}^mT¢Ah;VSX/Ü��¼¢¤cnmve § � ¦ Üª� © �AX%�OiO}�d��ª\A�f�#Å1XMÞ>±k{A�Ahz�S�SX@hum¡�uikh;�Scuikh;d�mvg
huVSX�mT{S�;XMcnqvXM��X%gAX%c;�k}�d���¬A��T\�Å1X`Þ �Ó\]µ&! �@UWVSX^awikh;V£x�X%gA�ThuV£mT¢Ki¼\S�f�)Å1X`Þ e��Smvg£d�� ¬ �v�¾\
e�eñiTgA��huVSXZe>�Smvg�X`_Ed�hu�#h;VSX��nh;mvaSaSdfgS���%mT�Sg]huX%c � d�huVSmT�AhW�SXMa|mv�ndfh;d�gS�)e�mvcnX�huVSiTg	�^Å1X`Þ
d�g�mvgAxf} ¬ �È¹!mT¢=aSd�mTg��SX%�%ir}p�M�¢ UWVSX ïr� ¢¤cnmve Ü �¥¦ ïr� © ¼ © ���AX%�OiO}£Vwik��i�o�d�gSX`hud��^XMgSX%cn�T}£mT¢8� ´ ãT¬�Å1X`Þ��|Å1mv�Íh�mT¢=huVSXï � ¸ �¡X _EdfhWhuVAX��ÍhumvaAaSd�gS���Mmv�Sg]huXMc�iTgA�1�SXMa|mT�;dfh�XMgSX%cn�T}£d�g�h;VSX^mThuVAX%c¡ß Ä �%mT�Sg]huX%cn�%�
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huc;df�v�vXMcj�wikhuiA�@Y�qvX%g]h;� � dfh;V�i��MmvgAýw�SXMgS�%X�x�X`qvXMxªx�X%�n�WhuVwiTg1�A��T\�iTc;X�cnX8%nXM�MhuXM���
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-4 -2 0 2 4 6 8 10 12�Kd��v�Ac;X	�k[�b àZdf�nhucnd�{S�Ehud�mTgS��mk¢�h;VSX	cuikgS�vX��SX`qpd ikh;d�mvgÔdfgÇhuVSX ß Ä ¢¤mvc�aAd�mvg ~¤�;mvxfd��Ã��iTgS�Ôe��SmTg
~��wiT�nVSX%�w�Wh;cuiT��o��%��UWVSX�aSd�mTg1ikgS�1e>�Smvg�XMqvXMg]hu�Zikc;X^�SX%cndfqTX%�1¢¤cnmve!h;VSX §z©=«© ~Í�r�3huc;df�v�vXMcW�wikh�iE��ü h
d��Wc;XM���Sd�cnX%�£huVwikhWh;VSX^cuiTgA�vX^�SXMqpd iQhud�mTg�d��Wx�XM�;�WhuVSiTg1mTcWX%���wiTx�h;m��E�Æ�E�

UWVSX�h;VSc;XMX�X%gAX%c;�k}É�AX%abmv�;d�hu�^¢¤c;mve h;VSX § � ¦ Üª� ¦ ï � �AX%�OiO}É�;XM�p�AX%gS�MX��;VSmv�Ax��7{bX�mv{S�;XMcnqTX%�
{�}1huVSX¼U�àZ�^ikgS� U�à^º#�)iQh�{|mkhuV	X%gA�S�^mT¢@huVSX¼�ÍhumvaSaAd�gS�£�%mT�Sg]huX%cM���Kdf�v�ScnX¼¬v���;VAm � ��h;VSX¼hud�e�X
�SXMqTX%x�mTaSe�XMg]h�mT¢thuVSX¥iT�Mh;dfqpdfh9}¶dfg¯iTgA�¯iTcnmv�SgS� huVSX1�nhumTaSaSd�gA�7�%mT�Sg]huX%c � VSX%g¯iTx�xjh;VSX�iT�`hud�qEd�h9}
mE�M�%�Scn� � d�huVSdfg�huVSX^U�à/�]ikhuX�mk¢W~ ÊF�A�ÆãE±Æ�E�Æ�v�0Ü��M��wmvc
h;VSX�e��Amvg�{SiT��o��vc;mv�AgS��±AmTgSxf}�h;VSXth � m>aA�Sx��nX%�3¢¤cnmve huVAX�Üª� ¦ ï �1�SXM�OiO}�iTc;X¡aSc;mp�S�S�MX%���
î e>�Smvg��OiTg£¢�iToTX�i�aSd�mTg � VAX%g	iTg�X`_ph;cui�aS�Sx��nX^d����SXMh;X%�`huX%�¥d�g�iT�S�Sd�hudfmvg�hum�huVSX�h � m�aS�Ax��;XM�tmk¢Ü ��¦ ïr� �SX%�%iO}v��U=m��;�SaAaSc;XM�;��huVSX^e��SmTg1{wik��op�Tc;mv�SgA��±Sh � m��nhuiT�vX%��mT¢=�%�Ehu�tiTc;X�dfe�abmv�;XM���

ü9g�h;VSX>ýwcn�nh��Íh�iT�TXT±�X`qEdf�SX%gA�%X�¢¤mvc¡huVSX § � ¦ Üª� © ���SXM�OiO}�df��cnX%���Sd�cnX%����UWVAX�aS�Sxf�;X��SX`qvXMx�mvaEÊ
e�XMg�h�dfg�huVSX^�nh;mvaSaSdfgS���%mv�Ag�h;X%ctiT��c;XM�%mvcn�SX%�1{�}�huVSX^U�àZ��d��jýShnhuXM� � d�huV1i��nd�gS�Tx�X`Ê@iTgS���Smv�S{SxfX`Ê
aS�Sx��nX£V�}pabmThuVAX%�;df��dfg iTg,d�g]huXMcnqkiTxWmT¢ ¬ \ÉaSdfmvg,x�d�¢¤XMhudfe�XM��~øh9}EaAd��Oikx�xf}Ç�r�T\ gS�u�`� UWVSX�huX%e�aSx�ikhuX
�;VwiTabX%�#�S�;XM��dfg�huVAX�ýShWikc;XZ�SXMc;d�qvX%��¢¤cnmve5huVSXZirqTX%c;iT�vX�mT¢Ce�XOiT�n�Sc;XM��aS�Sxf�;X%�3¢¤c;mveñe��Smvg�hucuiOqTX%cÍÊ
�uiTxª¢¤mvc¡XOiT��V¥X%gS��mk¢
XOiT��V ß Ä �Mmv�Sg]huXMc%�¡ü9g�iT�A�Sdfh;d�mvg�±Ãi��%mvcnc;XM�Mhudfmvg¥df��ikaSaSx�dfX%��hum�h;VSX^huX%e�aSx�ikhuX
�;VwiTabXjhumth�iTokXWd�g]hum^iT�M�%mv�Ag�h
h;VSXW��VwiTgA�vXWd�g��nVwiTabXW�S�SXjh;m�aSc;mvaSiT�]ikh;d�mvg>iTx�mvgA��huVSXW�Mmv�Sg]huXMc%��UWVAX
awiTcuike�X`huX%cn�WmT¢zhuVSX^�;dfgS�vxfX`Ê9aA�Sx��nX�ýSh¡iTcnX^h;VSXZhudfe�Xk±AhuVAXZhumThuiTxªiTcnXOi¼mT¢zhuVSX^aS�Sxf�;X�iTgS��i¼�%mTgS�nhuiTg]h
�%mvcnc;X%�na|mTgS�Sd�gA�^h;m>i�abX%�SXM�nhuiTxÃmT¢þh9}paSdf�OiTxfxf}>¬�U�à �%mv�Ag�h;�%�
UWVSX¡awiTc;iTe�XMhuXMc;�@mT¢bhuVSX¡�Smv�A{Sx�X Ê9aS�Sxf�;X
ýSh@iTcnX#huVSX3hud�e�X#mk¢whuVSX#ýSc;�nh@aA�Sx��nXT±Th;VSXjhudfe�X��Sd¦¥|X%cnX%gS�MXWmT¢whuVAXjh � m�aS�Ax��;XM�%±vh;VSXjhumThuiTxpaS�Sx��nXWiTcnXOiA±
huVSX�¢¤cuiT�`hudfmvgwiTxÃiTcnXOi�mT¢�huVAX��;XM�%mvgA��aS�Sx��nX�ikgS��huVAXtabX%�SXM�nhuiTx �
î ýSh�hum�i^hucnd�aSxfX`Ê9aA�Sx��nX¡V]}pabmThuVSXM�;df�
d��¼ikhnhuXMe�aAh;X%�,df¢¡X`qEdf�SX%gA�%X�¢¤mvc¼i�huVAd�c;�¶aA�Sx��nX�d���¢¤mv�SgA� {SiT�;XM� mTg i	cn�S�Sd�e�X%g]huiTcn}7iTgwiTx�}p�;d��¼mk¢
huVSX�U�à5dfgA¢¤mvc;e�ikh;d�mvg£mvcZd�¢
XMqpdf�SX%gS�MX¼¢¤mvcth;VSX § � ¦ Ü�� © ���SX%�%iO}�¢¤c;mve�h;VSX��Smv�A{Sx�X Ê9aS�Sxf�;X>ýAh�d��
x iT��o�d�gA�S�=UWVAX¡h � m>ik�S�Sdfh;d�mvgSiTxEaSiTcuiTe�XMh;X%cn��dfg�huVSXWýSh�ikc;XWhuVSXWh;d�e�Xj�Sd¦¥|X%cnX%gS�MX�mT¢ÃhuVSXWhuVAd�c;��aS�Ax��;X
� dfhuV¶cnX%�na|XM�Mh�hum�h;VSX�ýwc;�Íh�iTgS�¶huVAX�¢¤cuiT�`hud�mTgwiTx3iTc;X%i�mT¢�huVSX�h;VSd�cn�¶aS�Sx��nXT�ÉUWVSX£c;X%�n�Sxfh;�¼mT¢�huVSX
�;d�gA�vx�X Ê�iTgS�£�Smv�A{Sx�X Ê9aS�Sxf�;X�ýSh�V]}pa|mkhuVSXM�;X%�¡¢¤mvc § � ¦ Ü�� © �¼�AX%�OiO}�iTcnX^�;VSm � g¥dfg��Kd��T�Sc;X^¬A�T�

îjh^h;VSX�ýSc;�nh)�nhuiT�vXk±zxfmEmT�;X�c;XM�p�Ad�c;XMe�XMg]hu�)iTc;X�iTaSaAx�d�XM� mvg½h;VSX�mv{S�nX%cnqTX%� e>�Smvg½X%gSXMc;�T},�£´
���	´ô�O\¥Å1XMÞ iTgS�½mvgÉh;VSX�c;X%x�ikhud�qvX����wiTxfdfh9}�mk¢#huVAX�cnX%�;�Axfhu�^mT¢3huVSX��;dfgS�vxfX`Ê¡iTgA�7�Smv�A{Sx�X Ê9aS�Sxf�;X
ýShu�M±o��~p�9�u�ú�>iTgA����~F�È�j�è��~ �T�2� � � VSX%cnX�h;VSX^�p�SiTg]hudfh;d�XM��iTc;X^�SX`ýwgSX%�1d�g£U=iT{Sx�X�\A�

îjh^h;VSX��;X%�MmvgS�½�nhuiT�vXT±=i�ýSqvX��%�Ehu��~�U=iT{SxfX�ãv�ZiTc;X�iTaAaSx�dfX%��hum£�n�SaSaScnX%�;��huVSX¼¢¤mvxfx�m � d�gA��¢¤mv�Sc
e�XM��VwiTgSdf�;e�� � VSXMg�i�h � mkÊ aS�Sx��nX+Üª� ¦ ï ���AX%�OiO}¼�%iTg�¢�iTokXjhuVSX#h;VSc;XMX`Ê aS�Sx��nX § � ¦ Ü�� ¦ ï ���SX`Ê
�OiO}��;XM���SX%gS�MXT�
�v�¡Ý
d�mvgZh;d�e�X@iT�%�Md��SXMg�huiTx�bþî��%�Md��SXMg]h�iTxpiT�`hudfqpd�h9}�aScnmE�A�S�%XM�zh;VSX
ýwc;�Íh=aA�Sx��nXT± � VSd�xfXKhuVSX*Ü � ¦ ï �
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�Kd��v�Ac;X�¬v��b=UWVSX¡aS�Sx��nX�VSX%df�vV]h3dfg���gS�@d�g]h;X%cnqkiTxf�@d�g�iTgS��iTc;mT�SgS��h;VSX��nh;mvaSaSdfgS�)�Mmv�Sg]huXMc3cnX%�Mmvc;�SXM�
{�}1huVSX>U�àZ��mT¢@huVSX��AaS�nh;c;XOikeðiTgS�	�Sm � gS�ÍhucnXOiTe XMgS�S��mT¢@h;VSX¼ß Ä �%mv�Sg]h;X%c;�M�>UWVSX¼aAd�mvg	XMg�h;X%cn�
¢¤c;mve h;VSX#dfgSgSX%czx iO}TX%c;�M±Thuc;iOqvX%cn�;dfgS�Zx iO}TX%c#�T�jiTgS�>�nhumTaSaSd�gA��d�g)x iO}vXMc#�È�p�=UWVSX § � ¦ Üª� ¦ ï ���SX`Ê
�OiO} �;XM�p�AX%gS�MX d��£mv{S�nX%cÍqvX%� dfg�h;VSX½�nhumTaSaSd�gA� �Mmv�Sg]huXMc%� UWVSX
Üª� ¢¤c;mve h;VSX § � ¦ Üª� © �,�SX`Ê
�OiO}¯df���%mvg]huiTd�gSXM� d�g¯huVAX	�nhumTaSaSd�gA�¶�%mv�Sg]h;X%c%� UWVSX½iT�Mh;dfqpdfh9} �S�SX�h;m,h;VSX	abmv�;d�huc;mTgÇ¢¤c;mve huVSXÜ ��¦ ïr�C© ¼ «© �¼�SX%�%iO}£mE�M�%�Scn�¡dfg�huVSX^�nh;mvaSaSdfgS���%mv�Ag�h;X%ctiTgS��x iO}vXMc;�^�r¬�iTgS�½�O\S�
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�Kd��v�Ac;X�¬E�çbZß�X%�n�Sxfh;��mT¢@ýShu� � d�huV�huVAX¼�;d�gA�vx�X Ê�iTgS�	�Amv�S{SxfX`Ê9aA�Sx��nX¼V�}pabmThuVAX%�;XM��hum�huVSX¼U�à5aS�Ax��;X
�;VwiTabX%�¡d�g£huVAX��ÍhumvaAaSd�gS���%mT�Sg]huX%c�¢¤mvc §C��¦ Ü �ª© �¼�AX%�OiO}T�jUWVSX��SaSabX%ctiTgS��x�m � XMctaAx�mTh;�tikc;X�huVSX
U�à aA�Sx��nXW�;VwiTabX%�
¢¤mvc=huVSXW�Sm � gS�ÍhucnXOiTe5ikgS�¼�SaS�Íhuc;X%iTe XMgS�S�%±�cnX%�;abX%�`hud�qvX%x�}v�
à�iQh�i�~�mTa|XMg��Md�cn�%x�XM���
¢¤c;mve/�SaS�ÍhucnXOiTe X%gS��ikgS���Sm � gS�Íhuc;X%iTe X%gS�¼mT¢wh;VSX#�ÍhumvaAaSd�gS���%mv�Sg]h;X%c
iTcnX3ýShnhuXM�¼�;X%aSiTcuikh;X%x�}v�KUWVAX
�;mvxfd����M�ScnqTX�df�#¢¤mvc�huVSX��SmT�S{Sx�X Ê9aS�Ax��;X�V�}pabmThuVAX%�;df�¡iTgS��huVAX��wiT�;VAX%���%�ScÍqvX^d��#¢¤mTc#huVSX��;d�gA�vx�X Ê9aS�Sxf�;X
V�}pabmThuVAX%�;df�%�

óZ�wikg�h;dfh9} àZXMýSgSdfh;d�mvg�mvcW�A�;X
��� Y
gSX%cn�T}£mT¢zhuVSX^�nX%�%mTgS�¥aS�Ax��;X
��� UWd�e�X�mT¢zhuVSX^�nX%�%mTgS�¥aS�Ax��;X

Ï � 3 ~p� � Ï � ¢¤mTcjhuVSX54£Ê aS�Sxf�;X^V]}EabmTh;VSX%�nd��
¢¤mvcWXMgS���t~q�,^ �ç� ��^Z�SaS�nh;c;X%iTe1±¾�Sm � gS�Íhuc;X%iTe����~p� � ÏC�� ~p� � z ÏC�� ~q�9�xfmv� ��¸ ~p��~Í�È�,Ñ&��~³�v�;� gSXM�ScuiTxªgAXMh¡d�gSaA�Ah

x�mv� ��¸ ~�ÏC�� ~Í�È�,ÑôÏz�� ~³�v�;� gSXM�ScuiTxªgAXMh¡d�gSaA�AhË V ^¸V%ÿ}x�V �E±SgSXM�ScuikxªgSXMh¡d�gAaS�Ah¡�%mve�abmvgSX%g]hË ç hudfe�X��Sd¦¥|X%cnX%gS�MX){bXMh � X%XMg¥{bmThuV�X%gS�A�
¢¤mvcjh;VSX^�;X%�MmvgS�1aS�Sx��nXT±wgSXM�ScuikxªgSXMh¡d�gAaS�Ah��%mTe�abmvgSXMg�h

UKiT{Ax�X¡\=b�àZX`ýwgSdfh;d�mvgA��mk¢ª���wiTg]hud�hud�XM�3�AXMhuXMc;e�d�gSXM��{]}�huVSX¡aS�Sxf�;X Ê ýShnhud�gA�)dfg�huVAXt�ÍhumvaSaAd�gS�)�%mv�Sg]h;X%c%�
UWVSXuV�abmv�ndfhudfmvgS�ziTcnX#�SX`huX%cne�dfgSX%��¢¤c;mve h;VSX#XMgSX%cn�T}�cuikh;d�m¡{|X`h � XMX%g�h;VSX3h � mZX%gA�S��mT¢Sh;VSX#�ÍhumvaAaSd�gS�
�%mv�Sg]h;X%c%��UWVSX�V�abmv�ndfhudfmvg�mT¢=huVSX^gSmve�d�gSiTx § iTgS��ÜÉaA�Sx��nX�df� V%ÿ�mvc V �A±wcnX%�na|XM�Mhud�qvXMxf}v��UWVSX^huXMc;e
�n�;XM�%mvgS��¨�aS�Sxf�;X�d��SXMg�h;dfýwXM�)h;VSX�e>�SmvgEÊ �OiTgS�Ad��wikh;X�aA�Sx��nXT�£UWVSX�gAX%�Sc;iTx3gAXMh)d����SX%�n�%c;df{|XM� d�g½huVSX
�;X%�MmvgS�1�nh�ik�vX�mT¢��M�Ahu�M�
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Ý
d�mTg Y@iTcnxf} Å1�Smvg
hud�e�X e��SmTg hudfe�X U=iTdfx

º#�Eh iT�M�%df�SX%g]h�ikx �SXM�OiO} iT�%�Md��SXMg�huiTx �Kx��S�`hu�wiQhud�mTg
§ �½UWdfe�X�º#mvgA�;d��ÍhuXMgS�M}1º#�Ah ÁÜ�� ¦ ï �ÉàZXM�OiO}£ß�X%���Sdfc;X%e�X%g]h Á
º#�Eh�mvg1Å1�Amvg1UWdfe�X�ît�%�Md��SXMg�huiTx Á
º#�Eh�mvg1Å1�Amvg1UWdfe�X�ît�%�Md��SXMg�huiTx Á
dfg�huVSX^UzcuiT��o�º#mv�Ag�h;X%cn�
s¡X%�Sc;iTxCstX`h § � ¦ Üª�½àZX%�%ir}£º#�Ah Á Á

U=iT{SxfX�ã�b�yªd��nh�mk¢=h;VSX^{wiT��o��vc;mT�SgS�S��h�iTcn�vXMh;X%��{]} § � ¦ Üª� ¦ ï � �AX%�OiO}£�nX%���SX%gA�%X��M�Ahu�M�
�SX%�%iO}£�vdfqTX%�WhuVSX^�nX%�%mTgS�¥ikgS��h;VSd�cn�£aS�Sx��nX%��d�g�h;d�e�d�gS���nX%���SXMgS�%Xk�

�E�¡Y@iTc;x�}Ze��SmTg)�SXM�OiO}�b=UWVAX�h � mkÊ9aA�Sx��nXÖÜ�� ¦ ï ���AX%�OiO}�mp�%�%�Ac;�zikh=iTg�XOiTcnxf}Zh;d�e�X�~�� �r�T�¡gS�u�`±
aSc;mp�S�S�Md�gS�Zh;VSXWýwc;�Íh�iTgS���;XM�%mvgS��aS�Sxf�;XM�%±piTgS��iT�%�Md��SXMg]h�iTxwik�Mhud�qpdfh9}�e�iTokX%�
huVSXjh;VSd�cn��aS�Sx��nXT�

¬A�tÅ1�Smvg,hudfe�X£ik�%�%df�SX%g]huiTx�b�UWVSX£h � mkÊ9aS�Ax��;X�Ü � ¦ ïr� �SXM�OiO},e�ikoTX%��huVAX£ýSc;�nh�iTgS�,huVAd�c;�
aS�Sxf�;X%�M± � VAd�x�X¥iT�%�Md��SXMg]h�iTx�iT�Mh;dfqpdfh9} mp�%�%�Ac;d�gA� {|X`h � XMX%g huVSX1hud�e�X1h;VSX�e��Amvg¯�nh;mvaS�£iTgA�
� VSX%g�dfh��AX%�OiO}p�¡aSc;mp�S�S�MX%��huVSX^�;XM�%mvgA�¥aS�Sxf�;Xk�

\S��UKikd�xâWw�S�`hu�wiQhud�mTgYb	stmTd��;X1d�gS�A�S�%XM�¯d�g,huVSX�huc;iTgS�;abmvcÍh�mT¢Zh;VSX¥�nd��vgSiTxW¢¤c;mve¨h;VSX�Ý�Å1U�hum
huVSX�U�à�±��S�S{S{bX%� �Fh�iTdfxâWw�S�Mh;�wikh;d�mvg=¨A±#mvgÇh;VSX£¢�iTx�xfd�gS�	XM�S�vX¥mk¢�e��SmvgpÊ9d�gA�S�S�%XM�ÇaS�Ax��;X1d��
d��SXMg]hudfýSX%��iT�WhuVSX^�nX%�%mTgS�1aA�Sx��nXT�@UWVSX��SX%�%ir}£abmv�ndfhucnmvg�¢¤c;mTeôhuVAX�e>�Smvg��SX%�%ir}£e�iTokX%�WhuVSX
huVSdfc;��aS�Ax��;Xk�

§C� úéþ�÷ý�öá0Î|â ænþ¯ælå\�lâbãlß<áiä�å
UWVAd����M�Ah�h�ikc;�vX`hu�Kh;VSXjaSdfmvg>hudfe�X#iT�%�Md��SXMg]h�iTxE{wiT��o��vc;mT�SgS���,) VAX%g�iT�%�Md��SXMg]h�iTxAiT�Mh;dfqpdfh9})e�ikoTX%�

huVSX�ýwcn�nh^aS�Ax��;X�ikgS�½i£��VSiTc;�vXM�	hucuik��o�e�ikoTX%�Zh;VSX¼�;XM�%mvgA�ÉaS�Ax��;X¼dfg�huVSX¼�ÍhumvaAaSd�gS�£�Mmv�Sg]huXMc%±ªhuVSX
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� dfhuV�huVSX¡e��SmTg�hudfe�X�dfg�h;VSX��ÍhumvaSaAd�gS�)�%mv�Sg]h;X%cjikc;X�h�iTcn�vXMh;X%��¢¤mvc@cnX8%nX%�`hudfmvg���UWVSX¡hudfe�X � d�gA�Sm � �
iTgS��X%gAX%c;�k}�h;VSc;XM�;VSmvxf�S�j¢¤mvc�huVSX�qkiTcnd�mv�A�j�;�S{A�n}p�nh;X%e��¡dfg�ß Ä ±Sl3Þ>±Sl3ÞZyÉikgS�£Y�º ikc;XZmvaEhud�e�d��MX%�
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hum�h;VSXjU�àZ�%� Ä �S��V�Ww�S�`hu�wiQhud�mTgS���Oikg¼e�dfe�df�@h;VSXjXMgSX%cn�T}>�AX%abmv�;d�h�¢¤mvc�ite��Smvg¼mvg)huVSX#¢�ikx�x�dfgS�¡X%�S�vX

\vµ
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� dfhuVÉhuVSX��Sdr¥þXMc;XMgS�%XM�¼d�gKV	abmv�;d�hud�mTg iTgS�¶h;d�e�X��Mmve�{SdfgSX%� h;m	�%c;X%ikhuX�i��;d�gA�vx�X�d�gSaS�Eh�qkiTc;d�iT{Sx�Xk±
Ïz�r~�V��}çn�/Îô~ Ë V z ôwÐ@?M� � � ~ Ë ç z ôwÐ9Ï � � � � VSXMc;X�ôwÐ�?¼~pôwÐ9Ï³��df�WhuVSX�c;XM�;mvxf�Ahudfmvg£mT¢Kh;VSX Ë V¥~ Ë çn���Ad��nh;c;df{S�EÊ
hud�mTg��
UWVSX��Sd��Íhuc;df{S�Ah;d�mvgS�#mT¢Kh;VSX^mv�AhuaA�Ah¡mT¢=h;VSX)s�s ¢¤�SgS�`hud�mTg£¢¤mTcWaSd�mvgA�tikgS�1e>�SmvgS�¡iTcnX��nVSm � g
d�g��Kd��T�Sc;X�¬k\S�

ît��iTg�iT�S�SXM�£{|XMgSXMýSh¡mT¢Ch;VSX��%mve>{Sd�gwiQhud�mTg�mT¢CqkiTc;d�iT{Sx�XM�jd�g£i��nd�gS�Tx�X�sts)±Ah;VSX�c;X¹%nX%�Mh;d�mvg�iT�ji
¢¤�SgS�Mh;d�mvg£mT¢=iT�M�%XMaAh�iTgA�%X��OiTg�{|X^X%iT�;dfxf}�mv{Ah�ikd�gSXM��{]}���VSiTgS�vdfgS�¼huVSX�s�s �M�Ah¡a|mv�ndfh;d�mvg�ik�¡�nVSm � g
d�g��Kdf�v�Sc;XZ¬]ãE��UWVSX^�M�Ah¡a|mv�ndfh;d�mvg�iQh��A�Æ�Tò�d�g�h;VSX^mv�AhuaA�Ah�mT¢ChuVSX^sts ¢¤�SgS�Mh;d�mvg�df�j�SX`huX%cne�dfgSX%�£�nm
huVwikhWh;VSX�iT�%�MX%aAhuiTgS�MX)mT¢zhuVAd����%�Ah¡df��µ]ãv¹��

õ�R¦��Rs� . ìzÙwLrÙ Ø2A�è LrÙ
UWVSX��nd��vgSikhu�ScnX�mT¢W�	� ¦á§ � ©=«© df�)i£�;dfgS�vxfX § � h;cuiT��oÃ±�ikgS�ÉgAm¥mTh;VSX%c^awiTcÍhudf�%x�X¼df�^mv{S�;XMcnqTX%�¶d�g
huVSX��SXMh;X%�`humvcM�¯î�g]} iT�`hudfqpd�hud�XM��huVwiQh�mTc;d��Td�gwikh;X�¢¤c;mve¨iÉ� � �SX%�%ir} e��A�nh�{|X��SX`huX%�`huXM�¯d�g,huVSX
�;�S{S�Í}p�nhuXMe��^mT¢
h;VSX¼�SX`huX%�`humvcM�^UWVSX¼e�ikd�g¥{SiT��o��vc;mv�AgS�S�%±ªdfgS�%xf�S�SdfgS��aSVSmkhumvg	ik�Mhud�qpdfhudfX%�M±�iTcnX>huVSX
��ÿ � ikgS� ����  � �SX%�%ir}p�M� UWVSX�X%gAX%c;�k}¶mT¢¡aSVSmTh;mvgS��¢¤cnmve §�¸�¦ ³o³ d�g ��ÿ � �SXM�OiO}p��d����T�E��� ´� � ´��T�vãE�¬�Å1X`Þ dfg�h;VSX�c;X%�Íht¢¤c;iTe�X�mk¢
�	�K��°Zg£huVSX��%mTg�h;cuiTcÍ}v±ÃhuVSX�X%gAX%c;�k}£mT¢@i�aSVSmTh;mvg�¢¤cnmve
����  � �SX%�%iO}E��df��dfg1huVAX�cuiTgA�vX��£´ � � ´ �T¬vò�Å�XMÞ�±|d�g � VSd���V�h;VSX�aSVSmkhumvgS�ZiTc;X)e�mv�Íhux�}£{|XMx�m �
� dfhuV,xfm � X%gSXMc;�T} ãk�ÉÅ�XMÞ^��iTcnX��Amve�dfgwiTg]h��¾ãT��!³� UWVAX1�SX`huXM�MhudfmvgÇmk¢Zi	¢¤X � Å1XMÞ(aSVSmTh;mvgS��d��
gSX%�MX%�;�;iTcn}£h;m�XMx�dfe�dfgwikhuXt{wiT��o��vcnmv�SgS�S�¡c;XMx ikh;X%��hum�aSVAmThumvgA�%�

UWVAX>humThuiTxzc;X8%nXM�Mh;d�mvg	ik�]iTd�gA�nht{wiT��o��vc;mT�SgS�S�^iT�n�;mp�%d�ikhuXM� � dfh;V�aSVSmTh;mvgS�td���cnX%���Sdfc;X%��h;m�{bX>d�g
iTg�mvcn�SX%c�mT¢K�r�TÀO±pd�gS�Mx��S�Ad�gS��huVAmv�;X¡¢¤c;mve5{bmThuV�mvgSxfd�gSX�iTgA��m*9�d�gSXk��î�c;X8%nXM�Mh;d�mvg�mT¢
�r� Ú d��3iTxfc;XOik�A}
iT��VSd�X`qvXM�¥{]}�huVSX^mvgAx�d�gAXZaSVSmTh;mvg£qvXMh;mS±Ãx�X%irqpdfgS��i¼¢¤�AcnhuVAX%c^�r�T�¡c;X¹%nX%�Mh;d�mvg�h;m�{bX�iT��VSd�X`qvXM�¥{]}�huVSX
m*9�d�gSX^iTgSiTxf}p�;df�%�

Ä XOiTcn��VSX%�¡¢¤mvcWhuVSX�aSVSmTh;mvgS�¡�%mvdfgS�%df�SX%g]h � dfh;V�h;VSX^hucuik��o�hud�e�X^iTcnX�abX%cÍ¢¤mvc;e�X%��d�g£huVAX��n�S{S�Í}E�FÊ
huX%e���mk¢�h;VSX¼ljikc;c;XMx=Þ@X`hum½~³l�Þ^�`±bhuVSX�ljiTc;cnX%xzÞ@XMhum�yCdfgSX%c¼~³l3ÞZy=� ±|h;VSX¼ß¡iTgS�vX Ä h�iT��o ~³ß Ä �`±bhuVSX
Y@gA� ºjiTaS��~³Y�ºW� ±KhuVSX�h�iTcn�vXMh%±�huVSX�ü ÊFº#mv�Sg]huXMc�~�üÍºW� ±=huVAX�ÞtÊFº#mv�Sg]huXMc�~¤ÞtºW�`±=huVSX£º#mTx�x ikc�~³ºW°��
iTgS��huVAX�Å�d��%cnmE�Mmvx�x�iTc)~ Å�ºW� �CàZd¦¥|X%cnX%g]hZhudfe�X � d�gS�Am � ��iTgA�½XMgSX%cn�T}¥h;VSc;XM�;VSmTx��S�^iTcnX¼�;X`h�hum�huVSX
d�gS�Sd�qpd��S�wikxþ�;�A{S�n}p�nh;X%e��%���wmvcWhuVAX)l�Þ�±bl3Þ�y7iTgS��ß Ä ± � VSmT�;X��;�%dfg]hud�xfx ikh;mvcj�nd��vgwikx���iTcnX�cnXOiT��mv�Ah
{�} {|mTh;VEÊ9XMgS� Ý�Å1UW�%±3X%gSXMc;�vdfX%��iTgS�,hudfe�XM��mT¢¡aSVSmkhumvg,VSd�hu��iTcnX�{wiT�;df�OiTxfxf}½mv{AhuiTd�gAX%�¶¢¤c;mve huVSX
�vX%mve�XMh;c;df�OiTx=e�X%iTg iTgS�	huVAX�iOqTX%cuik�vX¼hud�e�X�mT¢�{bmThuV XMgS�S�%±zc;XM�;abX%�`hudfqTX%x�}v�¼ü9g	huVSX��%iT�;X¼huVSikh�huVSX
X%gSXMc;�vdfX%��mTcthudfe�XM��ikc;X�e�df�;�;XM��d�g¥i��;dfgS�vxfX)XMgS��mT¢
h;VSX>î�à^º#��mvctU�à^º#�%±|h;VSX%�nX��;dfgS�vxfX`Ê9XMgS��VSd�hu�
iTc;X��Oikh;X%�vmTc;d��MX%���;XMawiTcuiQhuX%x�}�iTgS�1�Sd¦¥|X%cnX%g]hth;d�e�X � d�gS�Sm � �tiTgS�1X%gSXMc;�T}£huVAc;X%�nVSmvxf�S�ZiTcnX�iTaSaSxfd�X%�
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�Kd��v�Ac;Xô¬v¬�b àZdf�nhucnd�{S�Ehud�mTgS�/mT¢ÔhuVSXôd�gSaA�AhÒqkiTcnd iT{Ax�X%�/¢¤mvc/huVSX stX%�AcuiTx stX`h ¢¤�SgS�`hud�mTg�d�g
§ � ¦ Üª� © �	dfgS�S�S�MX%� ~��;mTx�d��w�)iTgS�ÒÜª� ¦ ï � © ¼ «© �	dfgS�S�S�MX%�ú~��SiT�;VSXM�Ã���SX%�%iO}E�M�,UWVSX£X%gSXMc;�T}¶mk¢huVSX��nX%�MmvgS� aS�Sxf�;X�~¤h;mva	x�X`¢øh � ±|hudfe�X�mT¢@huVAX��;XM�%mvgS�½aS�Sxf�;X£~øhumva	e�d��A�Sx�XO�`±bx�mv��mT¢@huVSX�aAc;mp�S�S�Mh^mk¢
huVSXÏC�^cuiQhud�mT�ZmT¢��;dfgS�vx�X Ê#h;m��Smv�S{Ax�X`Ê aS�Sxf�;X>ýSh;�Z¢¤mvcZ{bmThuV	XMgS�S��~¤h;mva	c;df�vV]h � ±þx�mT��mT¢@huVSX¼aAc;mp�S�S�Mh
mT¢
huVSX)�;dfgS�vx�X Ê9aS�Ax��;X�ýShJÏ � ¸ �t¢¤mvct{|mkhuV�XMgS�S��~�{bmThnhumveûx�X`¢øh � ±|��abmv�ndfhudfmvg��Sd¦¥|X%cnX%gS�MX�{|X`h � XMX%g huVSX
ýwc;�ÍhjiTgA���;XM�%mvgS��aS�Sx��nX%�3mv{Ah�ikd�gSXM��¢¤c;mTe huVSX¡X%gSXMc;�T}�cuiQhud�m^mT¢�{|mTh;V�XMgS�S��~¤{|mkh;humTe5e�df�S�Sx�XO�`±�iTgA�
hud�e�XZ�Sdr¥þXMc;XMgS�%X^mT¢zhuVSX^�nX%�%mTgS�¥aS�Ax��;XM��d�g£{|mkhuV�X%gS�S�)~¤{|mThnhumveôc;df�vV]h �`�
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�Kd��v�Ac;X)¬T\=b¡àZd��Íhuc;df{S�Ah;d�mvgS��mT¢
h;VSX�mv�EhuaS�Ah;�ZmT¢
h;VSX¼s�s ¢¤�SgS�Mh;d�mvg1¢¤mvc�aSdfmvg¶~¤�wiT�nVSX%�Ã�ZikgS��e��SmTg
~��;mTx�d��w�3XMqTX%g]hu�M�jY�qvXMg�h;� � d�huV1iTg£mv�Ah;aS�Ah¡mT¢zhuVSX�s�s ¢¤�SgA�Mhudfmvg£x�XM�;�WhuVwikg1�E���Tò�iTcnX^c;X8%nXM�Mh;X%���
{|XM�OiT�S�nX�huVSX�aAc;X%�Md��nd�mvgS�¼mk¢¡h;VSX�h;d�e�X�iTgS�,XMgSX%cn�T} e�XOiT�n�Sc;XMe�XMg]hu��mT¢�huVSX��;d�gA�vx�X Ê9X%gA�¶VSdfh;�¼iTc;X
� mvcn�;X^huVwikg£h;VSmv�nX�mk¢=h;VSX^{|mTh;VEÊ9XMgS��VSdfh;�%�

UWVAX�hudfe�X � dfgS�Sm � iTgA�7X%gAX%c;�k}½h;VSc;XM�;VSmTx��7dfgÉX%iT��V �%ikhuXM�vmvcn}½ikc;X�mvaAhudfe�df�%XM�½{]}½��VwiTgA�vd�gS�
huVSXMd�cj�M�AhWabmv�;d�hud�mTgS�3h;m�iT��VSd�X`qvX^{bXMh;h;X%c�iT�M�%XMaAh�iTgA�%X�iTgS��cnX8%nX%�`hudfmvg��*�Kdf�v�Sc;X�¬vò��;VAm � �Wh;VSX�c;X¹%nX%�`Ê
hud�mTg½mk¢jhuVSX�Ý
VSmTh;mvgÉÞ@X`hum¥º#�Ahu�>iT�]iTdfgS�nh^huVAX���ÿ � {SiT��o��vc;mv�AgS�¶iT�)i£¢¤�AgS�Mh;d�mvg½mT¢Wik�%�%XMaAh�ikgS�%Xk�UWVSXj�%�Eh�abmv�;d�hud�mTg)¢¤mvczXOiT��V��%ikhuXM�vmvcn}�df�K�SX`huX%cne�dfgSX%�>�;m�h;VwikhKh;VSXW��ÿ � {wik��op�Tc;mv�SgA�¼d��KcnXOiT�nmvgwiT{Axf}�;�SaSaAc;X%�n�;XM��dfg�h;VSX�{wik��op�Tc;mv�SgA��X%�Íhud�e�ikh;d�mvg��=î�g�iT�%�MX%aAhuiTgS�%X�mk¢C[v�A�Æãv¹ iTgS��i>c;X¹%nX%�`hud�mTg�mT¢Cµk\S�Æ¬
iTc;X^iT��VAd�XMqTX%�1�S�;dfgS�¼huVSdf�¡�nXMh¡mT¢=�%�Ah¡abmv�;d�hudfmvgS�%�

-�..O P�5³D/>A;*9 ;*>A@('Ò;EKIH D/DG70/}>A@
ü9g7huVSdf�¼iTgwikxf}p�;df��h;VSX��;df�vgwiTx�c;XM�vd�mTg � d�xfx3{bX�e�iT�noTX%�¶mT�Ah¼�Sg]hudfx#ikx�x
huVSX�{wiT��o��vc;mT�SgS� iTgwiTx�}p�%X%�
iTc;X��Mmve�aSx�X`huX%�þ�ÉUWVSX£�wiQh�i��uike�aSxfX�df��cuiTgA�Smve�xf}É�Sdfqpd��AX%�¶d�g]h;m¶�&T¬�iTgA�Ç�(T¬�a|mTcnhudfmvgS�M�½UWVAX
�&T¬£�uiTe�aSx�X � d�xfx
{|X��S�nX%� ¢¤mvc��%�Ah;� ¸ hu�SgAd�gS�S��îtgS�7h;VSX��çk¬��;iTe�aAx�X � d�x�x
�TdfqvX�huVAX�ýwgwikx3{wik��o]Ê�vc;mv�AgS��X%�Íhudfe�ikh;d�mvgA�%��ü9g�mvcn�SX%c�hum¼�nd�e�aSx�d�¢ø}�huVSX�{wiT��o��vc;mT�SgS�£�nh;�S�A}�¢¤mvcj�	� ¦ § � ©=«© ±Eh;VSXM}�iTc;X
�Oikh;X%�vmvcnd��MX%�£d�g]hum¼¢¤mv�AcW�vc;mv�AaS� b¢ ��ÿ � {SiT��o��vc;mv�AgS��±¢ Å1�Smvg�{wiT��o��vcnmv�SgS�7~³��� � ßtikgS�vX�U=iTd�xªikgS��Å��Smvg1ljiTgS�£{wiT��o��vcnmv�SgS�A���`±¢ l#XOike {wiT��o��vcnmv�SgS�7~ Ä dfgS�vxfX�l#XOike�iTgS�1àZmv�S{SxfX^l#XOike�� ±wiTgS�¢ º#VwiTcn�vX�Y�_E��VwikgS�vX�~ ºjYi;^�j{wiT��o��vcnmv�SgS�A�%�

îtx�xªmT¢ � VSd���V�±bX`_E�MX%aAht¢¤mvcWhuVSX�ºjY8; {wiT��o��vcnmv�SgS��±|iTcnX)XM�nhudfe�iQhuX%� � dfh;V¥cnXOiTxC�wikhuiA�jUzm�VwiOqTX
i>c;XMx�d ik{Sx�X¡{wiT��o��vcnmv�SgS�£X%�Íhudfe�ikh;X�i>�nmkÊ9�%iTx�xfX%��{Sd�¢¤�Sc;�%ikhudfmvg�e�XMh;VSmp��d��#�A�;X%��¢¤mvc3huVSXZ{SiT��o��vc;mv�AgS�
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0.5 0.6 0.7 0.8 0.9 1�Kd��v�Ac;X)¬]ã�b�ß�X8%nX%�`hudfmvg�mT¢
h;VSX�s¡X%�Sc;iTx�s¡XMh § � ¦ Üª� àZXM�OiO}¥º#�Ah^iT��i�¢¤�SgS�Mh;d�mvg1mT¢
huVAX¼iT�%�MX%aEÊ
h�iTgS�MXT��UWVAX¡dfg]huX%cn�;XM�Mhudfmvg�mT¢ÃhuVSXWqTX%cnh;d��%iTxwiTgS��VSmTc;d��Mmvg]h�iTxA�wiT�;VAX%��x�d�gAX%���nVSm � ��h;VSXWc;X¹%nX%�Mh;d�mvg�iTgA�
iT�%�MX%aAhuiTgS�%X)ikhWh;VSX^gSmve�d�gwiTx|�%�Ah¡abmv�;d�hudfmvg��
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0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1�Kd��v�Ac;X^¬vò�b�ß�X8%nXM�Mhudfmvg�mT¢Kh;VSX>Ý
VSmkhumvg£Þ@XMh;m�º#�Ah;��ik�]iTd�gA�nh�huVSX���ÿ � {SiT��o��vc;mv�AgS��iT�ti¼¢¤�SgS�Mh;d�mvgmT¢�huVAXZiT�M�%X%aEh�iTgS�MXT��UWVSX��Mc;mv�n�jabmvd�g]h3mT¢ªhuVSX¡qvXMcnhudf�OiTx|iTgS��VSmvc;df�%mvg]huiTx|xfd�gSXM�3�nVSm � �#huVAX�c;X¹%nX%�`hud�mTg
iTgS��iT�%�MX%aAhuiTgS�MX�ikhWh;VSX^�%�Ah¡abmv�;d�hud�mTg��
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�Kd��v�Ac;X^¬]��b@Ý
df�MhumTc;d ikxþX`_EaSx�iTgwikh;d�mvg�mk¢=h;VSX�l#df¢¤�Scn�Oikh;d�mvg�Å�XMhuVAmE���
XMqkiTx��SikhudfmvgS�%�/ît�;�;�Ae�aAh;d�mvgA��c;X%���Sdfc;XM��{]} huVSdf��e�X`huVSmp� � d�xfx�iTxf�;m {bX	��VSXM��oTX%�úhum¶X%gA�;�ScnXÉikg
�Sg�{Sd iT�nX%��c;XM�;�Sx�hO�

õ�Rfù�R�Ö � è RQì Ø Ü&B�Û è Ùo� � PwRDC � NÈÙbÛ Ø ÚÔë è PSJOÛzN è é èpØ L
ü9g huVSX�{Adf¢¤�Scn�Oikh;d�mvgÉe�X`huVSmp��±Kh;VSX�{wiT��o��vcnmv�SgS�,XM�nhudfe�iQhuX�d��>mT{Ah�iTdfgSX%� � d�huV7h � m	�SgS�Mmvc;cnX%x�ikhuXM�
�%�Ah;��mTc¼�vc;mv�AaS�¼mT¢t�%�Ah;�%± � VAd���V iTc;X�dfgS�SX%abX%gA�SX%g]hux�}¶d�g]qTX%cnh;X%�,hum X%gAVwiTgS�MX�h;VSX£�nh�iQhud��Íhudf�%�%�7ü9g
mThuVSXMc � mvcn�S�%±|{wiT��o��vcnmv�SgS�1�uiTe�aSx�XM��ikc;X^�%cnXOikh;X%��{]}£�;XMx�XM�MhudfgS��XMqvXMg]hu��h;Vwikh¡¢�iTd�xªiQh�xfXOiT�ÍhtmTgSX)mk¢
huVSX^�;XMx�XM�Mhudfmvg£�%cndfhuXMc;d�i��S�;XM�¥d�g�h;VSd��¡iTgSiTxf}p�;df�%�

î!aSd��`humvcnd iTx@X`_EaSx�iTgwikh;d�mvgÉ¢¤mvc)h;VSX�l#d�¢¤�Sc;�%ikhudfmvg¶Å1X`huVSmp�,d��)�;VSm � g,d�g��=d��v�ScnX�¬]�p�[�Kd�cn�nh�mk¢
iTx�x³±|i��uiTe�aSx�X�h�iTcn�vXMh;d�gS��mvgSX��na|XM�%d�ýw�¼{wiT��o��vcnmv�SgS�	�nmv�Sc;�MX¼d��t�;X%xfX%�`huX%� {]}1c;X%e�mrqpd�gS��h;VSX�mTh;VSX%c
{wiT��o��vc;mT�SgS� �;mv�Scn�%XM�%�¶UWVSX£g��Se�{bX%c¼mT¢tXMqTX%g]hu��c;XMe�ikd�gSdfgS�	ik¢øh;X%c�iTaSaAxf}pd�gS�1huVSX£�;X`hu�Sa �%�Ehu��d��| � � � Ó � �»X`qvX%g]h;�%�jY@iT��V�ýw�v�ScnX^d�g��Kd��T�Sc;X�¬v���nVSm � �¡h;VSX^awiTcuike�X`huX%c��nawiT�%X^mT¢=h � m��%�Ehu�%±
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gwiTe�X%xf}�¨v�%�EhO�"¨�iTgS��¨v�%�Eh ��¨S�@UWVSX�g��Se�{bX%c�mT¢K{wiT��o��vc;mT�SgS�¥X`qvXMg�h;��dfg£h;VSX Ä d��vgSiTxªß�X%�vdfmvgÉ~�d �¾XT��±
c;X%�Td�mvg_¨TîV¨��3df�â| X`qvX%g]h;�%�#ü ¢Ch;VSXZh � m¼�M�Ahu�¡iTcnXZ�SgS�Mmvc;cnX%x�ikhuXM��±AhuVSikhWd��M±Ad�¢ªhuVSX�cnX8%nX%�`hudfmvg�mT¢=i��%�Ah
�SmEXM�jgSmThj�SX%abX%gS��mvg�h;VSXZc;X¹%nX%�`hud�mTg�mT¢ChuVSXZmkhuVSXMcW�%�Ah%±EhuVAX�cuikh;d�m�mT¢ªh;VSX�g��Se�{bX%cjmk¢={SiT��o��vc;mv�AgS�
XMqvXMg]hu�¼d�gÉc;XM�vd�mvg
¨vîV¨1hum¥cnX%�vdfmvg3¨vl:¨�e��S�Íh�{bX�XM�p�SiTx�h;m¥huVAX�cuiQhud�m1d�gÉc;X%�Td�mvg
¨�º:¨¥hum1c;XM�vd�mvg¨]àA¨S±�d³�Xk�f±L| z �¡^ Ó z �¥�>ljiT��o��vc;mT�SgS�½XMqvXMg]hu�>dfg�huVSX Ä df�vgwiTxKß¡XM�vd�mTg iTc;X�h;VSX%cnXM¢¤mvcnX�mT{Ah�iTdfgSX%�
¢¤c;mve h;VSX�cnX%x�ikhudfmvg
| ^ ��Ó z �¥��UWVSdf�>d��^VSm � {wik��op�Tc;mv�SgA�¶x�XMqTX%xf�)dfg½h;VSX Ä df�vgwiTx@ß�X%�Td�mvgÉiTc;X
X%�nh;d�e�ikhuXM�£�S�;dfgS��XMqvXMg]hu��mT�Ahu�nd��SXZh;VSX Ä d��vgSiTxªß�X%�vdfmvg��

UWVAX � iO}�hum�aSc;mp�%XMX%� � dfh;V£h;VSX�l#df¢¤�Ac;�OiQhud�mTg�Å1XMh;VSmE��d���ik��¢¤mTx�x�m � �lb¢ î �;abX%�Mdfýw�£{wik��op�Tc;mv�SgA� �;iTe�aSx�X�df�¼aSc;XMawiTcnX%�,{]}¶d�g]qvXMcnh;d�gS�è¨v�M�AhO� ¨ ~�� � �¨XMqvXMg]hu��c;X`Ê
e�ikd�gÃ�{��¨v�M�Ah �$¨�df�WiTaSaAx�d�XM��hum¼huVAX��uiTe�aSx�XZiTgS���5XMqvXMg]hu�¡c;X%e�iTdfg½~��;XMX�huVSX��nX%�%mTgS�¥cnm � d�g�Kd��T�Sc;X�¬v�v�`�
UWVSdf���nhucnXOiTe!d��W�Oikx�x�XM��i�¨vstmvcne�iTxfd��%ikhudfmvg�l3cuiTgS��V�¨S�¢ °Zg�h;VSX¡mThuVSXMc@VwiTgS��±piTgAmThuVSXMc@{wiT��o��vc;mT�SgS���;iTe�aSx�Xjdf��iTx��nm�aAc;X%aSiTc;XM��{]}�d�g]qTX%cnh;d�gS��¨v�M�Ah �$¨
~�Ó � � X`qvXMg�h;��c;XMe�ikd�gÃ� ��l3}½d�e�a|mT�;d�gA��¨T�%�Ah%�"¨S±=h;VSX�cuikh;d�m�� z Ó�d���mv{AhuiTd�gSXM�¯~¤�;XMX�huVSX
huVSdfc;��cnm � dfg[�Kd��v�Ac;X¼¬]�T�`��UWVSX¼c;X¹%nX%�Mh;d�mvg�¢�ik�MhumTcZmT¢@huVSdf�}¨v�%�EhO�"¨S±Y��±ªd��Z�%iTx��M�Sx ikh;X%�¥¢¤cnmve
huVSX^c;ikhudfm�~�Ó � ��� z Ó���UWVSdf���nhucnXOiTe!d����OiTxfx�XM�£i�¨vß¡X¹%nX%�Mh;d�mvg�l#c;iTgS��V=¨A�¢ UWVSXZg��Se�{bX%cWmk¢C{wiT��o��vc;mT�SgS�£XMqTX%g]hu��d�g�huVSX Ä d��vgwikxþß�X%�vdfmvg�df�jX%�Íhud�e�ikh;X%��{]}�huVSX�g��Se�{bX%c
mT¢bXMqTX%g]hu�3c;X%e�iTdfgSd�gS��d�g�huVAXts¡mvc;e�iTxfd��OiQhud�mTg>l#c;iTgS��V�±$4 ~�^ �¼�`±��Sd�qpd��SXM��{]}�h;VSXWc;X¹%nX%�`hud�mTg
¢�iT�Mh;mvc%±=� xÔ��~�^	� z Ó)�`±Sd³�Xk�f±�4����:E�^F4 z ~��ÛxÔ�È�`�

ît�@iTg¼X`_AiTe�aSxfXT±�iZ{Scnd�XM¢ÃX _EaSx iTgSikhudfmvg�¢¤mvcKh;VSXW��ÿ � {wiT��o��vc;mT�SgS��X%�nh;d�e�ikhudfmvg)qpd�i�huVSXWl3df¢¤�Scn�OiQÊhud�mTg^Å1XMh;VSmp�)df��aSc;XM�;XMg�h;X%�)d�g��Kdf�v�Sc;XK¬vµA�zUWVSX���ÿ � {SiT��o��vc;mv�AgS�^�uiTe�aSx�XKd�gZhuVAX@�	� ¦á§ � ©=«© hucnd��kÊ
�vX%cj�Sikh�i>df�j�;XMx�XM�MhuXM�£{�}�c;XMe�mrqpd�gS�)huVSX�Å1�Amvg£iTgS�£l#X%iTe!{SiT��o��vc;mv�AgS�S��~��Mmvc;cnX%�na|mvgA�Sd�gS��h;m�huVSX
ýwc;�Íh3cnm � d�g��Kdf�v�ScnXW¬]�v� ��ü9g�h;VSX¡stmvcne�ikx�d��%ikhudfmvg�l3cuiTgS��Vþ±E��ÿ � XMqTX%g]hu�#iTc;X��;XMx�XM�MhuXM��{]}¼cnX%���Sd�cnd�gS�aSVSmTh;mvg¶iT�`hudfqpd�hud�XM��~�d �¾XT��±Kh;VSX�Ý
VSmTh;mvg Þ@XMh;m º#�Ah;�£~p¨v�M�AhO� ¨���ikc;X�dfg]qvX%cÍhuXM�Ã�`��UWVAX�Ý
VwiT�;X Ä awiT�MX
º#�Ahu�>~�d³�Xk�f±Ã�%�Ehu�¡mvg1e�mve�X%g]hu�Ae1±wXMgSX%cn�T}�iTgS�1cuiTgS�TXT±o¨v�%�Eh ��¨��WiTcnX>ikaSaSx�dfX%��hum�huVAX>��ÿ � �;iTe�aSx�XiTgS�G4¨XMqTX%g]hu��c;XMe�iTdfg	d�g�h;VSX�stmvcne�iTxfd��%ikhudfmvg¥l3cuiTgS��V ~¤�%mvcnc;X%�na|mTgS�Sd�gA�£h;m�huVSX¼�nX%�%mTgS�7cnm � d�g�Kd��v�Ac;X¼¬]�T�`�¼ü9g huVSX�ß�X8%nX%�`hudfmvg½l#cuiTgA��V�±z��ÿ � XMqTX%g]hu� � dfh;V½e�mve�X%g]hu�Ae1±�XMgSX%cn�T}½iTgS� c;iTgS�vX�d�ghuVSX���ÿ � abXOiTo�iTc;X^�;XMx�XM�MhuXM�¶~¤d �¾XT��±ShuVSX)Ý
VwiT�;X Ä awik�%X>º#�Ahu�M±�¨T�%�Ah���¨S±ÃiTcnX�dfg]qvX%cÍhuXM�Ã�`��huVSX)Ý
VSmThumTgÞ@XMhum�º#�Ehu��~p¨T�%�Ah%�"¨���iTcnX�iTaSaSxfd�XM�¥hum�h;VSX���ÿ � XMqvXMg]hu��d�g�huVAX¼opdfgSX%e�ikh;d���a|X%iTo¶~¤�%mvcnc;X%�na|mTgS�Sd�gA�hum�h;VSX>huVAd�c;�¥c;m � d�gè�Kdf�v�ScnX�¬]�v�¡iTgS�¥h;VSX�cnX8%nX%�`hudfmvg�¢�iT�Mh;mvc�mk¢
huVSX¼Ý
VSmkhumvg�Þ@X`hum�º#�Ah;�%±L�6x �v±
d���e�X%iT�;�ScnX%���6�Kd�gwikx�xf}T±3h;VSX	��ÿ � {wiT��o��vcnmv�SgS� xfXMqvXMx�df��XM�nhudfe�iQhuX%�Ç{wiT�;XM�ÔmvgÇh;VSX�g��Se�{bX%c�mk¢c;X%e�iTdfgSd�gS�>XMqvXMg]hu��dfg�huVSX�stmTc;e�iTx�df�Oikh;d�mvg�l#cuikgS��V¶~&4��WiTgS��huVAX�cnX8%nXM�Mhudfmvg£¢�iT�Mh;mvc�~��ÛxÔ�È�`�

ãTã



�	� ¦á§ � ©=«© Uzc;df�v�vX%c�à�iQh�i

Ä X`hu�Sa��%�Ah;�¡h;m�c;X%e�mrqvX
Å1�Amvg¥ikgS��l#XOiTe�{SiT��o��vc;mv�AgS�S�
~q| � � � Ó � ���jXMqTX%g]hu�

ß�X8%nXM�Mhudfmvg�l#cuikgS��V stmvcne�iTxfd��%ikhudfmvg�l#c;iTgS��V

��ÿ � X`qvXMg�h;� � d�huV£e�mTe�XMg�h;�Se�±AX%gAX%c;�k}iTgS�£c;iTgS�vX^d�g�h;VSX���ÿ � abXOiTo
~¤d �¾XT��± Ý
VwiT�nX Ä aSiT�%X)º#�Ah;� �

~pÓ � ���#X`qvXMg�h;�

��ÿ � X`qvXMg�h;� � d�huVaSVSmkhumvg1iT�Mh;dfqpdfh;d�XM�
~�d �¾XT��± Ý
VSmTh;mvg£Þ@XMhum�º#�Ah;� �

~�� � ���#X`qvX%g]h;�

Momentum (MeV/c)

1

10

10 2

10 3

10 4

190 195 200 205 210 215 220

H Ý@VAmThumvg�Þ@X`hum�º#�Ahu�

Energy (MeV)

R
an

ge
 (c

m
)

28
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38

40

42

44

95 100 105 110 115 120 125 130 135 140

Ý
VwiT�;X Ä aSiT�%X>º#�Ahu�
~³Å1mve�X%g]hu�Se�±wY
gSXMc;�T}�iTgA�1ß¡iTgS�TXr�

Ó XMqvXMg]hu� �ñX`qvXMg�h;��Ï^ ~�Ó � ��� z Ó 4w^J�
ljiT��o��vcnmv�SgS�1yªXMqTX%x3~p|/XMqTX%g]hu�u�V^g��Ó z �¿^I4 z ~p� xÔ�r��Kd��v�Ac;X^¬vµ�b@YK_AiTe�aSx�X�mk¢=h;VSX�l#df¢¤�Scn�Oikh;d�mvg�Å�XMhuVAmE���

ãkò



õ�Rfù�Rfä ö�è L è NQé Ü Ø PALÈÜ¤Ù Ø Ùo� S Ü �bØ PSê 	�è�� Ü�Ù Ø
ü9g¼�%�Ah@�SX`qvXMx�mvaSe�X%g]h;�
�S�;dfgS���SgSd�¢¤mvc;e�xf}^�;iTe�aAx�X%���±T¬��wikhuiZd�g�h;VSX §z©=«© ~F�È�zh;c;d��T�vX%cM±viTxfxEmT¢Ãh;VSXW�%�Ah
a|mv�ndfh;d�mvgS�WVSirqTX>{bX%XMg��SXMh;X%cne�dfgSX%���3î�x�huVSmv�A�vV�h;VSX��;d��TgwiTxªc;XM�vd�mTg1�nVSmv�Sxf�¥{wiT�nd��%iTx�x�}�{bX>i�c;XM�vd�mvg
d�gS�nd��SX>h;VSX¼�%�Eh)abmv�ndfhudfmvgS�tmT¢jikx�x=h;VSX¼�;XMx�XM�Mhudfmvg �%cndfhuXMc;d�iA±|h;VSX��SXMýwgAdfhudfmvg�mT¢�huVAX¼�;d��TgwiTx�cnX%�vdfmvg	d��
e�mp�SdfýSX%��±ª{bXM¢¤mvcnX�x�mpmvo�d�gS��dfg]hum�huVSX�abmThuXMg�h;d iTxK�;d��TgwiTx�cnX%�vdfmvgS�%±Cdfg½mTc;�SXMc^h;m£X%gSx�iTc;�vX¼h;VSX��;d��TgwiTx
iT�%�MX%aAhuiTgS�%Xk�3UWVAX�e�mp�Sdfýw�%ikhudfmvg�df�We�mTh;dfqkikh;X%�£iT�W¢¤mvxfx�m � � b¢ UWVSX^�Sd��Íhucnd�{S�Ah;d�mvgA�WmT¢K{bmTh;V1�nd��vgwikx���iTgS��{wiT��o��vcnmv�SgS�A�tdfg£h;VSX��%�Ah¡�;aSiT�%X)iTc;X^�SgA�SX%cn�nhumpmp�

� XMx�x�{]}�h;VSX�¢¤�SgS�Mh;d�mvgA�%�¢ UWVSX^{wiT��o��vcnmv�SgS�1x�XMqTX%xf�W�OiTg1iTx��nm�{|X^�%mTg�h;c;mvxfx�XM� � XMx�xªd�g�h;VSX^X%gSx�iTc;�vXM�£�;d��TgwiTx�cnX%�vdfmvgS�%�¢ ü9gÉh;VSX�xfd�okX%x�dfVSmpmE�	c;ikhudfm£h;X%��VSgAd����SXT±=huVSX��;df�vgwiTxÌÊ humQÊ9{wiT��o��vcnmv�SgS�½cuiQhud�mT��mT¢jhuVAX��MX%x�xf��huVwikh
�%mvg]huiTd�g��%iTgS�Sdf�wikh;XZXMqTX%g]hu�M±wgSmThjh;VSX�humkh�iTxb{wiT��o��vcnmv�SgS�£x�X`qvXMx�d�g�h;VSX � VSmTx�XZ�nd��vgwikx|cnX%�vdfmvg�±
�%mvg]h;c;d�{A�AhuXZh;m�h;VSX^{ScuiTgA��VSd�gS�QÊ9cuiQhud�m>e�X%iT�;�ScnX%e�X%g]hO�

UWVAX1�M�Ahu��hum½{|X£xfmEmv�nX%gSXM�Çikc;X£huVSmv�nX£c;X%x�ikhuXM� h;m½h;VSX1��ÿ � o�d�gSXMe�iQhud��k±#Ý
VSmkhumvg,Þ@XMh;m7iTgA�§ � ¦ Üª� ¦ ï �,¢¤�SgA�MhudfmvgS�M��UWVAX��M�Ahu�^¢¤mvcZhuVAX�Å��SmvgÉiTgS�Él#XOiTeï{wiT��o��vc;mT�SgS�S�>iTc;X¼gSmkh)xfmEmT�ÍÊ
X%gSXM��±j{bX%�Oik�S�;X�huVSX��%�Ah�abmv�;d�hud�mTgS�¼¢¤mvc¼huVSX1��� � ß¡iTgS�vX�U=iTd�x�iTgA�ÔÅ1�SmTg¯ljiTgA�Ç{wiT��o��vcnmv�SgS�A�iTc;X�ikh�huVSX¼o�gSXMX�dfg�huVSX¼{wik��op�Tc;mv�SgA�ÉxfXMqvXMx�qb��M�¼iT�%�MX%aAhuiTgS�MX��M�ScnqTX(�=x�mpmv�;XMgSd�gS��huVSXMe �SmpX%��gSmTh
aSc;mrqpd��SX¡e��S��V�iT�%�MX%aAhuiTgS�%X��]iTd�gþ��yªmEmT�;X%gAd�gS�^huVSXt�%�Ah#a|mT�;dfh;d�mvgA��mk¢þhuVAXZ��ÿ � o�d�gAX%e�ikhudf�T±pÝ
VSmThumTgÞ@XMhum�iTgA� §C��¦ Ü ��¦ ïr� ¢¤�SgS�`hud�mTgS�WaSc;mrqpd��AX%�ti�cnX%x�ikhud�qvX%x�}�x�iTc;�TX�iT�%�MX%aAhuiTgS�MX>�]iTdfg��
â¡m � XMqTX%cM±
x�mpmv�;XMgSd�gS��h;VSc;XMX^�%�Ah;�¡�nd�e��Axfh�ikgSX%mv�A�;xf}�d�gS�Mc;X%iT�;XM��h;VSX^{wiT��o��vcnmv�SgS�1x�XMqTX%xf�%�@UWVSX^�;df�vgwiTx�cnX%�vdfmvg£d��
huVSX^�%mTe�{Sd�gSikhudfmvg�mT¢zhuVSX�¢¤mvxfx�m � d�gA�>huVScnX%X^�Oik�;X%�lb¢ huVSX^�M�Ahu�W¢¤mvcjh;VSX���ÿ � o�d�gSXMe�iQhud��M��iTc;X�xfmEmT�;X%gAX%��±¢ huVSX�Ý
VSmTh;mvg�Þ@XMh;m�º#�Ah;�¡iTc;X^x�mpmv�nX%gSXM��±¢ huVSX § � ¦ Üª� ¦ ï �½àZX%�%ir} Ä X%���SXMgS�%X�º#�Ahu�tiTc;X�xfmEmT�;X%gAX%���) VSX%g�mTgSXtmk¢�huVSX�huVAc;X%Xtd���x�mpmv�;XMgSX%�þ±ph;VSXt�M�Ahjabmv�ndfhudfmvgS�@mT¢|huVSXtmThuVSXMc�h � m¼iTcnXtokX%aAhj�SgS��VwiTgA�vX%���
UWVSX��n��VSX%e�ikh;d��¼ýw�v�ScnX�mk¢3h;VSX��nd��vgSiTx
c;XM�vd�mvg dfgÉ¬ÈÊ9�Sdfe�XMgS�;dfmvgwiTx=�;awiT�MX�df���;VSm � g dfg
�=d��v�ScnX�¬v[A�
UWVSX3cnXMqpd��nX%�£~¤X%gSx�iTc;�TX%�Ã���;df�vgwiTx]cnX%�vdfmvg��%mvgS�nd��Íhu�Kmk¢AhuVAX3�Íh�iTgS�SiTc;�)�;d��TgwiTx]c;XM�vd�mTg�± � VAd���V>df�C�%c;X%ikhuXM�
� dfhuVAmv�Ah)x�mpmv�;XMgSd�gS�1iTg]}½�%�Ah;�%±�aAx��S�^huVScnX%X�X _phuX%gA�;d�mTgS�%�1âtXMc;XOiQ¢øhuX%cM±KhuVAX�c;X`qpd��;XM�¶iTgS�7�nh�ikgS�wiTcn�
�;d��TgwiTx�cnX%�vdfmvgS��ikc;X�cnXM¢¤X%cnc;XM��h;m,iT��huVSX Ä d��vgwikx�ß�X%�vdfmvg iTgS�¯h;VSX¶�w���½ß¡XM�vd�mvgþ±¡cnX%�na|XM�Mhud�qvXMxf}v�
UWVSX�c;XM�vd�mvgA�j�%cnXOikh;X%�£{]}�x�mpmv�nX%gSdfgS�)h;VSX^Ý
VSmThumTg�Þ@XMhum�º#�Ehu�%± § � ¦ Üª� ¦ ï �	àZXM�OiO} Ä XM���SX%gS�MX
º#�Ahu��iTgS����ÿ � opdfgSX%e�ikh;d��^�%�Ah;�ZiTcnX)cnXM¢¤XMc;c;XM�¥hum�iT�tÝ
Þ YK_Eh;X%gS�AX%��± § � ¦ Üª� ¦ ï �ÉYK_Eh;X%gS�AX%�
iTgS�É��ÿ � Ë�d�gSXMe�ikh;d��M��YK_Eh;X%gS�AX%�,ß�X%�vdfmvgS�%±CcnX%�;abX%�`hud�qvX%x�}v��îtx�x�mk¢ � VSdf��V7d�gA�%x��A�SX¼huVSX£�w����ß�X`Ê�vd�mvgþ��UWVSX¼x�mpmv�;XMgSd�gA��¢�iT�Mh;mvc;�t¢¤mvcth;VSX¼�%�Ah;��~�írÿ � ¼ ±éí$eKÿ � iTgA� í$�oÌz��iTcnX��SXMqTX%xfmva|XM� �;m�huVwiQhZhuVSX
{wiT��o��vc;mT�SgS�¥xfXMqTX%x��tik¢øh;X%c�x�mpmv�;XMgSd�gA��h;VSX%eûikc;X�iT�%�MX%aAhuiT{SxfXT�jUWVSX�x�mpmv�nX%gSdfgS�¼¢�iT�Mh;mvc;�¡iTgS�¥iT�%�MX%aEÊ
h�iTgS�MX��]iTdfgS��ikc;X��n�Se�e�iTcnd��%XM� d�g¶U=iT{SxfX�òA� UWVSX�xfmEmT�;X%gAd�gS��¢�iT�Mh;mvc;�>¢¤mTc)huVAX%�;X�h;VSc;XMX��%�Ah;��iTc;XíÈÿ � ¼ ^5\A���E±Lí�eKÿ � ^ [E��ã�iTgA�3í&�oÌy^5\A�Æ�A± � VSd���V e�XOiTgS��\A���ÈÊ hudfe�XM��e�mvc;X¼{wik��op�Tc;mv�SgA�ÉcnX%x iQhuX%�
hum�huVAX § � ¦ Üª� ¦ ï ��df�SX%g]h;dfýw�%ikhudfmvg�±S[E��ãÈÊ hudfe�XM�#e�mvc;X���ÿ � {wiT��o��vcnmv�SgS��iTgA��\A�Æ�QÊ hudfe�XM�#e�mvc;X{wiT��o��vc;mT�SgS� cnX%x iQhuX%�½hum¥Ý@VAmThumvg½Þ@XMh;mS��UWVSX�h;mTh�ikx3ik�%�%XMaAh�ikgS�%X��viTd�g½{]}ÉXMgSx ikc;�vdfgS��huVSX��;d��TgwiTx
c;X%�Td�mvg1d��t¬A�È¹�± � VAd���V	d���huVAX>�;�Ae(mT¢KhuVSX�dfgS�Sd�qEdf�S�wiTxCik�%�%XMaAh�ikgS�%X��viTd�gS�>~Í�r�v¹!¢¤c;mve»��ÿ � ±z�È�v¹¢¤c;mve §C�¥¦ Ü ��¦ ïr� df�SX%g]hud�ýw�OiQhud�mTg�±wiTgS�1�v¹ ¢¤c;mve!Ý@VAmThumvg£Þ@XMh;m��`�
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�Kd��v�Ac;X�¬v[�b Ä ��VSXMe�iQhud��¼ýw�T�Sc;X�mT¢#h;VSX Ä d��vgSiTx@ß¡XM�vd�mTg½dfg½h;VSX�¬QÊ9�Sdfe�XMgS�;dfmvgwiTx=awiTc;iTe�X`huXMc��nawiT�MX
mT¢Kh;VSX § � ¦ Üª� ¦ ï �K±b��ÿ � o�dfgSX%e�ikhudf�^iTgS�¥Ý@VAmThumvg�Þ@XMh;m�¢¤�SgA�MhudfmvgS�>~�dfg�h;VSX)�AgSdfh¡mT¢Kc;X%x�ikhud�qvX{wiT��o��vc;mT�SgS��x�XMqTX%x �`�

º#�Ahu� yªmpmv�;XMgSd�gA��¢�ik�MhumTc ît�%�%XMaAh�ikgS�%X)�]iTd�g
§ � ¦ Üª� ¦ ï � \S�Æ� �¡�v���È�
��ÿ � o�d�gSXMe�iQhud�� [A�Æã �¡�v���È�
Ý@VAmThumvg£Þ@XMh;m \S�� �¡�v��]�
U=mThuiTxCiT�M�%X%aEh�iTgS�MX)�viTd�g �¡�v�¬A�

UKiT{Ax�X�ò�b�yªmpmv�;XMgSd�gS��¢�iT�Mh;mvc;��¢¤mTc�huVSX § � ¦ Üª� ¦ ï �¶àZXM�OiO} Ä X%���SXMgS�%X�º#�Ahu�M±�huVSX���ÿ � Ë�dfgSX`Êe�ikh;d���º#�Ehu��iTgS��huVSX¡Ý
VSmTh;mvg¼Þ@XMh;m�º#�Ah;�t~��;XM�%mvgA���%mTx��Se�gÃ� � d�huV¼huVSXMd�c@iT�M�%XMaAh�iTgA�%X¡�]iTd�gA�¡~¤huVAd�c;�
�%mvxf�Se�gw�`�

ãkµ



õ�Rfù�Rfõ ��ÿ � � PwRNC � NÈÙbÛ Ø Ú
UWVSX���ÿ � �SX%�%ir}¥VwiT�^i���Vwikc;�vXM��hucuik��o � dfh;V	e�mTgSmE��VAc;mve�ikhudf�^e�mve�X%g]h;�Se1±|cuiTgA�vX¼iTgS�	XMgSX%cn�T}v±iTgS�7VSiT��h � m¥aAVSmThumTgS�>iQh)h;VSX�h;cuiT��o�h;d�e�XT��U � m��M�Ahu�^¢¤mvc^huVSX�l#d�¢¤�Sc;�%ikhudfmvg½iTc;X¼huVAX%c;X`¢¤mvc;X�huVSX
Ý@VSiT�;X Ä awik�%X>º#�Ahu�Whum�huVAX §ª� h;cuiT��o�iTgS�£huVSX�Ý
VSmTh;mvg�Þ@X`hum�º#�Ah;�%�

UWVAXZ��ÿ � {wik��op�Tc;mv�SgA��x�X`qvX%xÃdf��XM�nh;d�e�ikhuXM��dfg�h;VSXt¢¤mvxfx�m � d�gA� � iO}v� Ä XMhu�Aa��%�Ehu�jikc;XtiTaSaSxfd�X%��humhuVSX §z©=«© ~Í�È�zh;c;df�v�vX%c=�uiTe�aSxfXjd�g¼mvcn�SX%c�h;m�c;XMe�mrqvX�mTh;VSX%c
{SiT��o��vc;mv�AgS�S�%±piTgA��h;m��;XMx�X%�`h�XMqvXMg]hu� � dfhuV
� XMx�x�Ê c;XM�%mvgS�Íhucn�S�Mh;X%� § � huc;iT��o��%��ü9g¥huVAX>ß�X8%nXM�Mhudfmvg�l3cuiTgS��Vþ±þ��ÿ � X`qvX%g]h;� � dfh;V1huVAX>e�mve�XMg]hu�Se�±X%gSXMc;�T}T±
iTgS�ÉcuiTgS�TX�dfgÉhuVAX���ÿ � abXOiTo½iTcnX��nX%xfX%�Mh;X%��~¤d �¾XT��±=dfg�qTX%cn�;X�mT¢#huVSX�Ý@VSiT�;X Ä awiT�MX�º#�Ah;���`�Ý@VAmThumvgÉÞ@XMhum½º#�Ehu�¼iTcnX�dfe�abmv�;XM�7mvg h;VSd��>��ÿ � Ê9cnd���V �;iTe�aAx�XT�1UWVSX�Ý
VSmTh;mvg7Þ@X`hum	c;X¹%nX%�`hud�mTg d��e�X%iT�;�ScnX%�£hum�{bX �V�oÌè^ \]µA�r¬Tò]�

ãv�E�O� ^úµT\S�¬¡®ú�v�Æ�S~ Ê çp�,ç �Æ�`� ~³�Tò]�
ü9g huVAX�s¡mvc;e�iTxfd��OiQhud�mTg�l#c;iTgS��V�±=��ÿ � X`qvX%g]h;�¼iTc;X¼�nX%xfX%�Mh;X%�É{�} cnX%���Sdfc;d�gA��aAVSmThumTg7iT�`hud�qEd�hudfX%�~�d �¾XT��±Cd�g]qvXMc;�nX�mT¢�huVAX�Ý
VSmTh;mvg Þ@XMhum¥º#�Ah;���`��UWVSX�Ý
VwiT�;X Ä awik�%X�º#�Ahu��~�ÙzÐ ¼&� é5�E��ãp±È��Ð ¼�� éñ�E��ã

iTgS�Ô��Ð ¼�� éð�E�Æ�vãv�¼iTcnX£d�e�a|mv�nX%�,mvg,huVSdf�¼�uiTe�aSxfX�hum½�%mv�Sg]h�huVSX£g��Se�{bX%c�mT¢¡huVSX1��ÿ � X`qvXMg�h;�c;X%e�iTdfgSd�gS��d�g1huVSX�s¡mvc;e�iTx�df�Oikh;d�mvg�l#c;iTgS��V��^UWVSX¼�n�SaSaScnX%�n�;d�mTg½mk¢�h;VSX¼Ý
VwiT�nX Ä awiT�MX�º#�Ahu��df���nm
x iTcn�vX(�whuVAX>�nhuikhudf�nh;d��%�¡mT¢�h;VSX>X`qvXMg�h;��c;XMe�iTdfgSd�gA��dfg�h;VSX�s¡mvc;e�iTxfd��OiQhud�mTg£l#cuiTgA��V	iTc;X^qvXMcn}1�;e�iTx�x³�
ü9g¥mvcn�SX%c�hum�a|XMcn¢¤mvcne�i�e�mvc;X^aScnX%�Md��;X)X%�Íhud�e�ikh;d�mvg�±Si��;mQÊ9�Oikx�x�XM� Ä X%�MmvgS�	l#d�¢¤�Sc;�%ikhudfmvg1Å1XMh;VSmp��d��
a|XMcn¢¤mvcne�XM���

Ä X%�%mTgS�£l#df¢¤�Ac;�OiQhud�mTg�e�XOikgS�3h;VSXZs¡mvc;e�iTx�df�Oikh;d�mvg�l3cuiTgS��V�d��@¢¤�Scnh;VSX%c3{Sdf¢¤�Scn�Oikh;X%���
UWVAXZÝ
VwiT�nX
Ä awiT�MX>º#�Eh¡¢¤mTc�Y@gAX%c;�k}½~���Ð ¼�� é��E�Æãv�jiTgA��h;VSX)º#�Ahu�W¢¤mvc�ß¡iTgS�vX^ikgS��Å�mve�XMg]hu�Se ~p��Ð ¼�� é��p���vã
iTgS��Ù=Ð ¼�� é��E��ãT��iTc;XW�nX%awiTc;ikhuXM��ik�@h � m�d�gS�SXMa|XMgS�SXMg�h��M�Ahu�M�
UWVSX�X`_Ea|XM�Mh;X%��g��Se�{bX%c
mk¢þX`qvX%g]h;�#d�g
huVSXtstmvcne�ikx�d��%ikhudfmvg¼l#c;iTgS��V ~&4 3 �=�
�Oikg�{bXtXM�nhudfe�iQhuX%��{]}O4 3 ��^P4Q�c� z ~����ZxÉ�È� ± � VAX%c;XR4Q�c�
d��=h;VSXjg��Se�{bX%cKmT¢ÃXMqTX%g]hu�
huVSikh
c;XMe�ikd�g�iQ¢øhuX%c=huVSXWÝ
Vwik�;X Ä awik�%X�º#�Ah;��¢¤mvc�ß¡iTgS�TXWiTgS��Å1mTe�XMg�h;�Se
iTc;X�dfe�abmv�;XM��±wiTgA���R�½d��jh;VSX^c;X¹%nX%�Mh;d�mvg£mT¢=huVSX�Ý
VwiT�nX Ä awiT�MX�º#�Ah�¢¤mvc�Y
gSXMc;�T}T�

UWVAX�X%�Íhud�e�ikh;d�mvg£{]}1h;VSX Ä X%�%mTgS�	l#d�¢¤�Sc;�%ikhudfmvg�Å�XMhuVAmE��cnX%�n�Sxfh;��d�gÉ�v��T\�®^�A���k��XMqTX%g]hu��mk¢�huVSX
��ÿ � {wiT��o��vcnmv�SgS� ~¤d�gS�nd��SX�huVAX��w���¼ß�X%�vdfmvgÃ�jd�g£huVSX>stmvcne�ikx�d��%ikhudfmvg£l#c;iTgS��V���UWVSX�XM�nh;d�e�ikhudfmvgS�¢¤mvcth;VSX�Ý�ÞñY�_ph;X%gS�SXM��± §C�1¦ Ü �1¦ ïr� Y�_ph;X%gS�SXM� iTgA� ��ÿ � Ë�d�gAX%e�ikhudf�%�tY�_ph;X%gS�SXM� ß�X%�vdfmvgS�iTc;X�abX%cn¢¤mTc;e�X%��d�g¼huVAX¡�;iTe�X � iO}�iT�
huVSX^�w���tß¡XM�vd�mvgþ±]X`_E�%XMaAh3h;Vwikh@huVAX¡�Mmvc;cnX%�na|mvgA�Sd�gS�^�M�Ahu�3iTc;X
x�mpmv�;XMgSX%���3UWVSX�X`_Ea|XM�Mh;X%�	g��Se�{bX%cn�tmT¢KXMqTX%g]hu�Zdfg�h;VSX)stmvcne�iTxfd��%ikhudfmvg�l#c;iTgS��V	ikc;X^�;�Se�e�iTc;df�%X%�
d�g£UKik{Sx�X��E�

ß�X%�vdfmvg 4 3 �Ô~¤XMqvXMg]hu���
�w��� �v��T\�®^�A�Æ�T�
Ý�ÞÒY�_ph;X%gS�SXM� �A�[]�v®^�A�Æ�k\
§ � ¦ Ü�� ¦ ï � Y�_ph;X%gS�SXM� �v���Èãv®^�A�Æ�T�
��ÿ � Ë�dfgSX%e�ikhudf�%�WYK_phuXMgS�SXM� [A��A�È®¼�v��v�

UKiT{Ax�X���b
YK_Ea|XM�MhuXM��g��Se�{bX%c;�#mT¢ªXMqTX%g]hu�WcnX%e�iTd�gAd�gS�^d�g�huVSX�stmvcne�ikx�d��%ikhudfmvg�l#c;iTgS��V��
UWVSX�X%c;cnmvc;�
iTc;X��Íh�ikh;d��nh;d��%iTx �

UWVAXZ{wiT��o��vcnmv�SgS�£x�X`qvXMx|dfg�huVSX Ä d��vgSiTxbß¡XM�vd�mvg�d��3XMqkiTx��SikhuXM��{]}�h;VSX��n�Se!mT¢þhuVSXZ{SiT��o��vc;mv�AgS�
x�XMqTX%xf�#d�g�huVSXtd�gS�Sd�qpd��S�wikx|YK_phuXMgS�SXM�¥ß�X%�vdfmvgS�M� Ä d�gA�%X�X%iT��V£YK_phuX%gA�SX%�1ß¡XM�vd�mTg��%mTg�huiTd�gA�3huVAX��w���
ß¡XM�vd�mvgþ±ThuVSXW{SiT��o��vc;mv�AgS��xfXMqTX%x���h;Vwikh@ikc;XWmrqvXMcÍÊ9�Mmv�Sg]huXM���nVSmv�Sxf��{bXW�;�A{Ahuc;iT�Mh;X%�¥~��;XMXT�Kd��v�Ac;Xj\]�v�`�
UWVSX���ÿ � {wiT��o��vcnmv�SgS��x�XMqTX%xÃd�g�huVAX Ä d��vgwikxwß¡XM�vd�mTg�df�
huVSXMc;XM¢¤mTc;X¡mv{Ah�ikd�gSXM��dfg�h;VSXW¢¤mvx�xfm � d�gS� � iO}�b

ãk[



S

T T U VXW

Ä df�vgwiTx�ß¡XM�vd�mvg

«IaÉE²�o�^ªy|¦�^ª¦:§�^ª{lwxmly Á¹µÀ¶ ·¹µ¶ZYNµÉE²�o�^ªy|¦�^ª¦J§�^ª{lwxmly ´-[]\_^ wzy|^pr¨j©o.wx£ªfÉI²�o�^py�¦�^ª¦J§�^ª{lwxmly ÄN`�Ä8§�^p{�wzm�y
�Kdf�v�ScnX�\]��b�Å1X`huVSmp�1mk¢=h;VSX^{wiT��o��vc;mT�SgS�¥xfXMqTX%xª�Oikx��%�Ax ikh;d�mvg�dfg�huVSX Ä df�vgwiTxªß�X%�Td�mvg��
4�ebadcÖ^Ò�v�Æã�� ò 4 3 �@~�Ù)Î>��Re�oÌ x¯� �

4 3 �3~ § Ü ï ��V�oÌ�xÔ� �
4 3 ��~���ÿ � ����oÌ�xÔ� x � 4 3 �@~Í��� �È��V�oÌ�x¯� ó � ~³�v�v�

� VSX%cnX�� e�oÌ cnX%aScnX%�;XMg]hu��h;VSX£Ý
VSmTh;mvg¶Þ@XMhum cnX8%nX%�`hudfmvg,ikh¼huVAX�x�mpmv�;X��M�Ah�abmv�;d�hud�mTg¶iTgS�,d��¼{]} i
¢�iT�Mh;mvc#mT¢z\��ne�ikx�x�XMc�h;VwiTg�h;VSXZ�nhuiTgS�wikc;��Ý
VSmThumTg�Þ@XMhum¼cnX8%nXM�Mhudfmvg���ü9g�h;VSd��jiTgwiTx�}E�nd��M±EhuVAX�Ý
VSmThumTg
Þ@XMhum¥c;X8%nXM�Mh;d�mvg7ikh>h;VSX�xfmEmv�nX��M�Ah¼abmv�;d�hudfmvgÉdf�)�A�;X%�¶¢¤mvc^huVAX�X%�Íhudfe�ikh;d�mvg½d�g½huVSX�Ý
Þ YK_Eh;X%gS�AX%�
ß¡XM�vd�mvgþ��UWVAX��%mpXlÕ��%dfX%g]h	�v�Æã½df��h;VSX¥gSmTc;e�iTx�df�Oikh;d�mvg ¢�iT�`humvc�¢¤c;mve i �çT¬É�;iTe�aSx�X£hum7h;VSX1¢¤�Ax�x
�uiTe�aSx�Xk��UWVSX)��ÿ � {wik��op�Tc;mv�SgA�1xfXMqvXMxCd��WX%�Íhudfe�ikh;X%��hum�{bX4�ebadc ^ �A�Æ�E�rò�®¯�A��]�T¬S~ Ê çp�,ç ��� dfg£h;VSX Ä d��TgwiTx�ß�X%�Td�mvgY� ~³�Tµ]�4�ebadc ^ �A��A�r[�®¯�A��v�]ãA~ Ê çp�,ç ��� dfg£h;VSX����7�>ß�X%�Td�mvg�� ~³�T[]�

òT�



õ�Rfù�Rs� ë/ÛCÙ ØC� PSRNC � NÈÙbÛ Ø Ú
UWVSXWÅ1�Amvg�{wiT��o��vcnmv�SgS�¼�MmvgS�nd��nh;��mT¢Ã��� � ßtiTgA�vX#U=iTd�x�X`qvX%g]h;�%± � VSdf��V¼mvc;df�vd�gwiQhuX�¢¤c;mTeÒ��� � e��SmvgS�
� dfhuV)X%x�iT�nh;d���~�mvczd�gSXMx iT�Íhudf�r���;�%ikh;h;X%c;dfgS�Zdfg)huVAXjß¡iTgS�vX Ä h�iT��oÃ±]ikgS�>huVAX�Å1�Smvg�ljiTgS��X`qvXMg�h;�%± � VSdf��V
mvc;df�vd�gwiQhuXK¢¤cnmve/����  � iTgA����� Â �AX%�OiO}p�%±]mTc §ª� ¸ �=�SX%�%iO}EdfgS��dfg�WSd��vV]hChum�Ü � �zü9g�iTxfx]mT¢ShuVAX%�;X3XMqTX%g]hu�M±
huVSXWe��Amvg¼hucuik��o>�%mTe�XM��hum^c;XM�nhO±�mvcKd�g]huXMcuiT�`hu�
d�g�h;VSX¡ßtikgS�vX Ä huiT��oÃ�
UWVSX § � ¦ Üª� ¦ ï �£àZX%�OiO}
Ä X%���SXMgS�%X º#�Ehu���;�SaSaAc;X%�n��huVAX%�;X1XMqTX%g]hu�M� °Zg huVSX�mThuVAX%c�VwiTgS�þ±#huVSX1��� � ß¡iTgS�vX£U=iTd�xWX`qvXMg�h;�VwiOqvX�e�mve�X%g]hui��%mvgS�nd��ÍhuX%g]h � dfh;VÉ��� � ~�Ù ^ô�T¬Tò1Å�XMÞ�Q�r�`±ze�XOiT�n�Sc;XM�É�Mmvc;cnX%�Mh;xf}	dfg	huVSX��tU¡ºV�
VSm � X`qvX%cM±WhuVSXMd�c�cuiTgS�TX%�	~�iTgS�ÇiTx��nmÉXMgSX%cn�vd�XM����ikc;X��;e�iTx�xfX%c�huVSiTg h;VSmv�;X�¢¤c;mve ��� � ±jiTgS�¯�Mmv�Sx���uikh;d��n¢ø} h;VSX�Ý
VwiT�nX Ä awiT�MX£º#�Ahu��¢¤mTc�ß¡iTgS�vX�iTgS�,Y
gSX%cn�T}¯~��f� �O¬]ã�Å1X`ÞûiTgS�Ò�g� \]�1�%e��`�
°�gAxf}�huVSX�Ý
VwiT�nX Ä awiT�MX�º#�Ah�¢¤mvc^Å1mTe�XMg�h;�Seá~pÙh� �v�k[£Å1XMÞ}k�r���%iTg � mvcno1h;m��n�SaSaScnX%�n��h;VSd��
{wiT��o��vc;mT�SgS����UWVSX>Ë^dfgSX%e�ikh;d���º#�Ah¡h�iTcn�vXMh;d�gS��huVAX¼Å1�SmTg�ljiTgA�¥{wiT��o��vcnmv�SgS�	df���Sd¦¥|X%cnX%g]ht¢¤cnmve
huVwikht¢¤mvcth;VSX¼��� � ß¡iTgS�vX>UKiTdfxC{wiT��o��vc;mT�SgS���)Å1�SmTgS�Z¢¤c;mve�h;VSX�Å1�SmTg ljiTgS�	X`qvX%g]h;���OiTg	{bX�d�g
huVSX��nd��vgwikxjaSVwiT�nX£�;awiT�MX1�A�SX�hum	huVSXMd�c¼mvcnd��vdfgwiTx�e�mTe�XMg�hui�{|XMd�gS� xfm � X%c�h;VwiTg ��� � ±�{S�Ah�huVSXMd�ccuiTgS�TX%�¼iTcnX�x�mTgS�vX%c)huVwiTg h;VSmv�nX�X`_Ea|XM�Mh;X%�,¢¤mvc>aSdfmvgS� � d�huV h;VSX��uiTe�X�e�mve�X%g]h�iA�	UWVAX£ßtiTgA�vX`Ê
Å1mve�X%g]hu�Se5º#mvgS�;df�nh;X%gS�`}�º#�AhO±pY
���wikhudfmvg1~ �vãT�`±]�;�AaSaSc;XM�;�nX%�#h;VSd��
{wik��op�Tc;mv�SgA���@Y
�nhudfe�iQhud�mTgS�K¢¤mvc
huVSXM�;X�{wiT��o��vc;mT�SgS�S�tiTc;X�abX%cÍ¢¤mvc;e�X%�£�nX%awiTc;ikhuXMxf}T�

UWVAXjÅ1�Amvg){SiT��o��vc;mv�AgS�>xfXMqvXMx]d��ªXM�nhudfe�iQhuX%�^dfg^h;VSX
¢¤mvx�xfm � d�gS� � iO}v� Ä XMh;�Sa>�M�Ahu�ziTcnX3ikaSaSx�dfX%��hum
huVSX §z©=«© ~F�È�Khuc;df�v�vXMc
�uiTe�aSx�X�dfg�mvcn�SX%c
h;m>c;XMe�mrqTX¡h;VSX���ÿ � iTgS��l3XOiTe5{wik��op�Tc;mv�SgA�S�%�
UWVSX § � ¦Üª��àZmv�A{Sx�X�Ý
�Sx��nXâ�Kd�h;h;d�gS�tº#�AhKd��=iTaSaSxfd�X%�^humt�;XMx�X%�`h�X`qvX%g]h;� � dfhuV�huVSX § � ¦ Üª���SX%�%iO})�nd��vgSikhu�ScnXT�
ü9g�h;VSX½ß¡X¹%nX%�Mh;d�mvg�l#c;iTgS��V�±Z��� � ß¡iTgS�vX U=iTd�xtXMqTX%g]hu� � VSmv�;X½e�mve�XMg]h�i¶iTcnX½�MmvgS�nd��nh;X%g]h � dfhuV��� � iTcnX��;X%xfX%�`huX%� � VSd�xfX�Å1�SmTg�ljiTgA��X`qvXMg�h;�#dfg�h;VSX�cuiTgA�vX��SXMqpd iQhud�mTg¥~=Ï�� · �C�KabXOiTo�iTc;X��;XMx�XM�MhuXM�~�d �¾XT��±wd�g]qTX%c;�nX>mT¢zhuVAX>Ë�d�gAX%e�ikhudf�^º#�Ahu�¡¢¤mvc¡Å1�SmTg¥{wiT��o��vcnmv�SgS�w�`�WÝ
VwiT�nX Ä awiT�%X>º#�Ah;�t¢¤mvc�ß¡iTgS�vX
iTgS��Y
gSX%cn�T}>iTc;Xjdfe�abmv�nX%��mvg¼{bmTh;V�{wiT��o��vcnmv�SgS�S�M�
UWVSXWc;X¹%nX%�`hud�mTg�mT¢ÃhuVSX §C��¦ Ü ��¦ ïr� àZX%�OiO}
Ä X%���SXMgS�%X�º#�Ahu�^df�Ze�X%iT�;�Ac;X%� humT�vXMh;VSX%c � d�huV	{bmThuV {wiT��o��vcnmv�SgS�A�%�¼UWVSX�c;X¹%nX%�`hud�mTg	d���e�XOiT�n�Sc;XM�
hum�{|X �¡ÿ � ¼ ^ ¬vµ]�kòvµ

µvã ^�\�ãT�E����® \]µE�Æµw~ Ê çp�Uç �Æ�`� ~�¬v�]�

ü9g,huVAX¥s¡mvc;e�iTx�df�Oikh;d�mvg7l#cuikgS��V�±�Å1�AmvgÇX`qvX%g]h;��huVSikh�¢�iTd�x#h;VSX § � ¦ Üª� ¦ ï �úàZXM�OiO} Ä X`Ê
�p�AX%gS�MX�º#�Ah;��ikc;X^�;XMx�X%�`huXM� ~¤d �¾XT��±wd�g]qvXMc;�;X�mT¢zhuVSX § � ¦ Üª� ¦ ï �½àZX%�OiO} Ä X%���SX%gA�%X¼º#�Ehu��� �3UWVAX
gp�Ae�{|XMc�mT¢@Å1�Smvg	X`qvX%g]h;��c;X%e�iTdfgSd�gS��dfg1huVAX�stmTc;e�iTx�df�Oikh;d�mvg£l#c;iTgS��V	df�tmv{Eh�iTdfgSX%��{]}1iTaSaAxf}pd�gS�
huVSX1Ý
VwiT�;X Ä awiT�MX	º#�Ah;��ikgS�¯iTxfxWmThuVAX%c�Ë^dfgSX%e�ikh;d���º#�Ah;�%� Ä dfgS�%X�mvgSx�},i½¢¤X � XMqTX%g]hu��cnX%e�iTd�g
d�g�huVAX�stmvcne�iTxfd��%ikhudfmvg¥l3cuiTgS��Vþ±�huVSX Ä XM�%mvgA�7l#d�¢¤�Sc;�%ikhudfmvg Å1X`huVSmp� d��ZabX%cÍ¢¤mvc;e�X%�þ�>ü9g	huVSX Ä X%�`Ê
mvgS�,l#d�¢¤�Sc;�%ikhudfmvg�±=h;VSX���� � ß¡iTgS�vX�UKiTdfx#ikgS� Å1�Smvg,l#iTgS�¶XMqTX%g]hu��iTcnX��;XMawiTc;ikhuXMxf}ÉX%�nh;d�e�ikhuXM���º#mvg]h�iTe�d�gwiQhud�mTgS�#mT¢=huVSX���� � ßtikgS�vX�U=iTd�xªikgS��Å��Smvg1ljiTgS��{wiT��o��vcnmv�SgS�S�¡d�g]h;m�h;VSX Ä d��TgwiTxªß�X`Ê�vd�mvg½iTcnX�X%�nh;d�e�ikhuXM�É{]}½�S�nd�gS�£huVSX�huXMe�aAx ikh;X¼e�mve�X%g]h;�SeðiTgS�ÉcuiTgA�vX��SXMqpd iQhud�mTgÉ�Sdf�nh;c;d�{A�AhudfmvgS�
~�c;X`¢¤X%cnc;X%�£hum�iT�Wh;VSX�yCdfgSX Ä Vwika|X)Å1X`huVSmp�Ã�`�

UWVAX�XM�nh;d�e�ikhudfmvg�{]}�h;VSX^yªd�gSX Ä VwiTabX>Å�XMhuVAmE�£c;XM�;�Sx�hu�Wdfg�\S�Æòvãv®��E�f�O\�ikgS�1�E�f�O[]®��E�f�O\¼X`qvXMg�h;�
mT¢ChuVSX^��� � ß¡iTgS�vX�U=iTd�x|iTgS�1Å1�Amvg�ljiTgS�£{wiT��o��vcnmv�SgS�A�>~¤d�gS�nd��SXthuVSX¼�w����ß¡XM�vd�mTgÃ��dfg�huVSX^s¡mvcÍÊe�iTxfd��%ikhudfmvg�l#cuiTgA��V�±Sc;XM�;abX%�`hudfqTX%x�}v�@UWVSXZg��Se�{bX%cn�WmT¢CXMqTX%g]hu��xfXM¢øhjdfg�huVAX�stmvcne�ikx�d��%ikhudfmvg�l#cuikgS��V
~�4 3 �C�zikc;X��;�Se�e�ikc;d��MX%��d�g)UKiT{Ax�X�µA�KUWVAXj��� � ß¡iTgS�vX�U=iTd�x�iTgA�¼Å1�SmTg¼ljiTgS�){wiT��o��vcnmv�SgS��xfXMqTX%x��d�g�huVSX Ä df�vgwiTxþß¡XM�vd�mTg1ikc;X�mv{AhuiTd�gAX%�£d�g�huVAX��;iTe�X � iO}£iT�WhuVAX)��ÿ � {wiT��o��vcnmv�SgS�1X%�nh;d�e�ikhudfmvg�±

4jilk:monA^ 4 3 ��~pÙ>Î)��tÿl� ¼ xÔ� �
4 3 �@~ § Ü ï �� eÿ � ¼ xÔ� �

4 3 ��~³��ÿ � ��¡ÿ � ¼ x¯� x � 4 3 ��~Í�^� �È��tÿl� ¼ xÔ� � ~�¬A�È�
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ß�X%�Td�mvg 4 3 �Ô~¤XMqvXMg]hu���
Å1�Smvg¥ljiTgS� ��� � ß¡iTgS�vX�U=iTd�x

�S�¡� �p�f�r[v®��A���O\ \S�ò]ãv®^�A�f�%\
Ý�ÞÒYK_phuX%gA�SX%� ¬E�Æµ]ãT®��A�Æ�k\ ãE��]�v®^�A�f�%\
§ � ¦ Üª� ¦ ï �½YK_Eh;X%gS�AX%� �p�f�rµv®��A���O\ \S�ÆãTò]®^�A�f�O¬
��ÿ � Ë�d�gSXMe�ikh;d��M�WYK_Eh;X%gS�AX%� �p���v�T®��A���O\ \S�ò]ãv®^�A�f�%\

UKiT{Ax�X¼µ�b^s¡�Se�{bX%cn��mT¢#X`qvXMg�h;�)cnX%e�iTd�gAd�gS��dfg�huVSX�s¡mvc;e�iTx�df�Oikh;d�mvg1l#c;iTgS��V ¢¤mvc�huVAX�XM�nh;d�e�ikhudfmvgS�
mT¢=h;VSX)Å1�Smvg1ljiTgA�¥iTgA�1��� � ßtikgS�vX�U=iTd�x�{SiT��o��vc;mv�AgS�¥xfXMqvXMx��M�
UWVSX)XMc;cnmvc;�¡iTcnX��nh�iQhud��Íhudf�OiTx³�
� VSX%cnX�� eÿ � ¼ c;XMaSc;XM�;X%g]h;�jiZc;X¹%nX%�`hud�mTg�mk¢|h;VSX § � ¦ Üª� ¦ ï ��àZXM�OiO} Ä XM���SX%gS�MXZº#�Ehu��ikh
huVAXWx�mpmv�;X
�%�Ah�abmv�;d�hudfmvg�iTgS�£df�W{�}�i>¢�iT�Mh;mvcWmT¢z\S�Æ�¼�ne�ikx�x�XMc3h;VwiTg�huVSX��Íh�iTgA�wiTc;��mvgSXk�
ü9g�h;VSd��jiTgwiTx�}E�nd��M±AhuVSX
c;X8%nXM�Mh;d�mvg mT¢�h;VSX § � ¦ Üª� ¦ ï � àZX%�%iO} Ä X%���SXMgS�%X�º#�Ahu��ikh�huVSX�x�mpmv�;X��M�Ah�a|mv�ndfh;d�mvg¶�nVSmv�Sxf�
{|X)�S�;XM� ¢¤mTc�X%�Íhudfe�ikh;d�mvgA�tdfg¥huVSX § � ¦ Üª� ¦ ï �¶Y�_ph;X%gS�SXM�7ß�X%�Td�mvg��tUWVSX�{wik��op�Tc;mv�SgA�½xfXMqTX%x��
d�gÇh;VSX Ä d��TgwiTxtß¡XM�vd�mvg ~³iTgS�¯h;VSX¶�w��� ß¡XM�vd�mTgÃ��¢¤mvc�huVSX ��� � ß¡iTgS�vX�U=iTdfx�iTgA��Å1�Smvg�ljiTgA�{wiT��o��vc;mT�SgS�S�tiTc;X��n�Se�e�iTcnd��MX%�£d�g£U=iT{Sx�X^[E�

l#iT��o��vc;mv�AgS� Ä d��vgwikx�ß�X%�vdfmvg �w���)ß¡XM�vd�mvg
��� � ß¡iTgS�vX^U=iTd�x �A��T\]¬v[]®^�A��v�]ãT� �A��A�r�v¬v®��A��v�A�T�
Å��Smvg1ljiTgS� �A��]�k\v\�®^�A��v�v¬v� �A��v�T\][v®��A��v�v�Tò
UzmThuiTx �A��vòvµv¬]®^�A��v�]ãTµ �A��A�Èãv�T®��A��v�A�O¬

UKik{Sx�X^[�b Ä �Se�e�iTcÍ}�mT¢zhuVSX)Å1�Amvg1{SiT��o��vc;mv�AgS�¥xfXMqvXMx��M�
UWVSX)XMc;cnmvc;�¡iTcnX��nh�iQhud��Íhudf�OiTx³�
UWVSX)Å1�Smvg�{wiT��o��vcnmv�SgS�1x�XMqTX%xªdf�jhuVSXMc;XM¢¤mTc;X^X%�Íhud�e�ikh;X%��hum�{|X

45ilkdmon ^ �A��vòvµv¬�®Ç�E�Æ�v�vãTµw~ Ê çp�,ç �Æ� dfg�huVSX Ä df�vgwiTx�ß¡XM�vd�mvg�� ~�¬]�v�45ilkdmon ^ �A��A�Èãv�W®Ç�E�Æ�v�E�r¬w~ Ê çp�,ç �Æ� dfg�huVSX���� ��ß¡XM�vd�mTgþ� ~�¬v¬]�

òv�
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UWVSX Ä dfgS�vxfX)l3XOiTeû{wiT��o��vcnmv�SgS�	dfgS�%xf�S�SXM��XMqTX%g]hu��d�g � VAd���V�{bXOiTeûaSdfmvgS�¡�;�%ikh;h;X%cZdfg�h;VSX)huiTc;�vX`hO±
iTgS��XMqvXMg]hu��dfg � VSd���V1{|X%iTe oQiTmvgS���SXM�OiO}�d�g©Wwdf�vV]h�d�g£huVSX�h�ikc;�vX`hO��ü htdf�WgSmTh;X%�1h;VwikhWh;VSX)X`qvXMg�h;�
d�g � VSd���VÔ� � �SX%�%ir}]Ê d�gEÊ�Wwd��vV]h;��mp�%�M�Sc�{bXMh � X%XMg¯huVSX ¢º#X%c;XMgSoTmrqÇ�%mv�Sg]h;X%c�ikgS�Çh�ikc;�vX`h�iTcnX¥ikx��;m
d�gS�Mx��S�SXM��d�g�huVSdf��h9}EabX¡mT¢�{wik��op�Tc;mv�SgA���
ü9g�{bmTh;V��%iT�;XM�3huVAX¡dfgS�%mTe�dfgS��awiTcÍhud��Mx�XM�
�;�OiQh;huXMc3mTc��AX%�OiO}
d�e�e�XM�Sd ikh;X%x�}½ik¢øhuXMc�h;VSXM},XMg]huX%c�huVAX£huiTc;�TXMhO�,UWVSX�àZXMx iO}vXM�Ôº#mvdfgS�%df�SX%gS�MX1º#�Ahu���Oikg huVAX%c;X`¢¤mvc;X
�;�SaSaAc;X%�n��h;VSX Ä d�gA�vx�X¼l3XOiTe {SiT��o��vc;mv�AgS����Å1mvcnX%mrqvXMc%±ChuVSX�UWd�e�d�gA�£º#�Ahu��d�g�h;VSX�{|X%iTe dfgS�nh;c;�EÊ
e�XMg�huikhudfmvg��;�SaAaSc;XM�;�#h;VSX Ä dfgS�vxfX�l#XOiTe5{SiT��o��vc;mv�AgS��±A�nd�gS�MX¡h;VSX�hud�e�X%��iTcnXtX _Ea|XM�MhuXM��hum�{|X¡�%xfmv�;X
hum^huVSX�huc;iT��o¼hud�e�XWe�XOiT�n�Sc;XM��d�g�huVAX�ß Ä ���S�SX�hum^huVSX¡aScnmve�aEh3�n�OikhnhuXMc;d�gA�>mvc@�SXM�OiO}pd�gS�S�
UWVAX¡h � m
�%�Ah;��¢¤mvc^huVAX�l#d�¢¤�Sc;�%ikhudfmvg½iTc;X�huVAX�àZXMx iO}vXM�¶º#mvdfgS�%df�SX%gS�MX�º#�Ehu��ikgS�Éh;VSX�UWdfe�dfgS�1º#�Ahu�)d�g huVSX
{|X%iTe d�gA�nhucn�Se�X%g]h�ikh;d�mvgþ�

UWVAX Ä d�gS�vxfX	l#X%iTe {wiT��o��vcnmv�SgS�úx�X`qvX%x�df��X%�Íhud�e�ikh;X%� d�g¯h;VSX	¢¤mvx�xfm � dfgS� � iO}v� Ä XMh;�Sa��%�Ah;�
iTc;X�iTaSaAx�d�XM�	hum�huVSX §z©=«© ~F�È�thucnd��v�TX%c��uike�aSxfX¼d�g½mvc;�AX%c�hum�c;XMe�mrqvX�mTh;VSX%c^{wiT��o��vcnmv�SgS�A�%��ü9g½huVSX
ß¡X¹%nX%�Mh;d�mvg�l#c;iTgS��V�±phuVSXtÝ
VSmThumTg�Þ@XMh;m¼º#�Ah;�#X`_E�MX%aAhj¢¤mTc@h;VSXthuiTc;�TXMh3iTc;XtiTaSaAx�d�XM��h;m>cnX%e�mÈqTXZ��ÿ � ±����  � ±WiTgS�Ç��� Â �SXM�OiO}]Ê9d�gpÊ²Wwdf�vV]h�X`qvX%g]h;�%� UWVAX�àZX%x�iO}vX%�¯º#mvd�gA�%d��AX%gS�MX¥c;X¹%nX%�`hud�mTgÇd���e�XOiT�n�Sc;XM�
� dfhuV£huVAX�Ý
d�mvg Ä �%ikh;h;X%c;dfgS��X`qvXMg�h;�%± � VSd���V	ikc;X^h�iT�v�TX%�¥{]}£cnX%���Sd�cnd�gS��i��ne�ikx�xª�wYÖk�E_1dfg�h;VSX>l3\
âtmp�Smv�;�MmvabXT�zUWVSX#àZXMx iO}vXM�¼º#mvdfgS�%df�SX%gA�%X@c;X¹%nX%�Mh;d�mvg^¢¤mvcC� � �SX%�%iO}�Ê d�gEÊ�Wwd��TV�hCX`qvXMg�h;�Kdf�=ik�;�;�Ae�XM�)hum
{|X¡huVSXt�uiTe�X�ik�3huVSikh3¢¤mTcjÝ
d�mvg Ä �OiQh;huXMc;dfgS�>X`qvX%g]h;�%±w�;dfgS�%Xtdfh�d����SdrÕ��M�Sxfh�hum>d��;mTx ikh;Xt�	���SX%�%iO}�Ê d�gEÊWwd��vV]h=XMqTX%g]hu� � d�huVSmv�Eh
iTe�{Ad��v�Sd�h9}v�Cü h�df�KgSmkhuX%�)huVwikh=huVSX3�%mvg]h;c;d�{A�Ahudfmvg>mT¢AhuVSXW�	���SX%�%ir}]Ê d�gEÊ�Wwd��vV]h
XMqvXMg]hu��d���gSXM�vx�df�vd�{Sx�}£�;e�iTx�x=�%mve�awiTcnX%�	hum�h;Vwikh^mT¢�huVAX�Ý@dfmvg Ä �OiQh;huXMc;dfgS��XMqTX%g]hu�M��UWVSX�àZXMx iO}vXM�
º#mvd�gS�Md��SXMgS�%X^cnX8%nX%�`hudfmvg£d��W�;�Ae�e�iTc;df�%XM��dfg�UKik{Sx�X��r�A�

ß¡XM�vd�mvg ß�X8%nX%�`hudfmvg
Ä d��vgSiTxªß�X%�vdfmvg ãTòE�È�Tµ E�OòZ^ ¬]ãE�T�v�f�r®�µ]�T�E���
�w�¡�)ß�X%�vdfmvg ãE�%\��E�&E�OòZ^ ¬]�E�OòA�Æ[v®�µv�k\S�f�

U=iT{Sx�X¼�O��b@ß¡X¹%nX%�`hud�mTg1mT¢zhuVAX)àZXMx iO}vXM��º#mTd�gS�Md��SXMgS�%X)º#�Ah;��¢¤mTcjhuVSX Ä dfgS�vx�XZl#XOiTe!{wiT��o��vc;mT�SgS���

ü9g huVAXÉs¡mvc;e�iTxfd��OiQhud�mTgÇl#c;iTgS��V�±��;mve�X½iT�S�Sd�hud�mTgwiTx¡�;XMh;�Sa �M�Ahu��iTcnX iTaSaSxfd�XM� ¢¤mTc��%x�X%iTg��Sa��
Ý@cnmve�aAhCXMqTX%g]hu�KiTc;X
h�ik�v�vX%�^{]}^d�g]qTX%cnh;d�gS�Wh;VSX�àZX%x iO}TX%�>º#mvd�gS�Md��SXMgS�%X#º#�Ah;�%�KUWVAX#Ý
d�mTg Ä �OikhnhuX%cnd�gS�
iTgS��� � �SX%�%iO}�Ê d�gEÊ�Wwd��TV�h�XMqvXMg]hu��ikc;X�XM�nhudfe�iQhuX%�¯h;mv�vX`huVSXMc%� UWVSX UWdfe�dfgS�¶º#�Ah£dfg¯huVSX½Ë^iTmvg
¢º#X%c;XMgSoTmrq	º#mv�Sg]huXMc%±|h;VSX�Ý
VSmkhumvg¥Þ@X`hum£º#�Ehu�ZikgS�¥huVAX § � ¦ Ü�� ¦ ï � àZX%�%iO} Ä X%���SX%gA�%X�º#�Ah;�
iTc;X�iTaSaSxfd�X%�Éhum��n�SaSaScnX%�;�¼h;VSX���ÿ � ±
����  � iTgS�,��� Â �AX%�OiO}]Ê9dfgEÊ²WSd��vV]h�X`qvXMg�h;� �#h;VSX�UWdfe�dfgS�	º#�Ahd�g�huVSX)Ý
d�mvgê¢ºjX%cnX%gSokmÈq¥º#mv�Ag�h;X%c�iTgS�£huVSX��wYÖk�E_�º#�Ahtd�g�huVAX>l#\�âtmp�Smv�n�%mvabX)iTc;X)iTx��nm�iTaSaSxfd�X%�
hum �n�SaSaScnX%�;��h;VSX	Ý
d�mvg Ä �OikhnhuX%cnd�gS�7XMqvXMg]hu� ���O\ X`qvXMg�h;�£c;X%e�iTdfg¯d�gÇh;VSX Ä df�vgwiTxtß�X%�vdfmvgÔiTgS�¯[
XMqvXMg]hu�ZcnX%e�iTd�g�d�g£huVSX��w����ß�X%�vdfmvg�±wc;XM�;abX%�`hudfqTX%x�}v��) dfhuV£huVAX>e�XOiT�n�Sc;XM��àZX%x�iO}vX%�	º#mvd�gS�Md��SXMgS�%X
c;X8%nXM�Mh;d�mvg�±EhuVSX Ä dfgS�vx�XZl#XOiTe!{wiT��o��vc;mT�SgS�¥xfXMqTX%xªd��WXM�nh;d�e�ikhuXM�£h;m�{bX

4 � ��f ^ �T��ã¼� �O\
¬]ãE�T�v�f�+xÇ� ^ �A�Æ�T�]ãT[vµ�®¯�A��v�]�p�r[w~ Ê çp�,ç �Æ� d�g�huVSX Ä df�vgwiTxþß¡XM�vd�mTg#� ~�¬T\��

4 � ��f ^ �T��ã¼��[
¬]�E�OòA�Æ[AxÇ� ^ �A�Æ�T�T\��T��®¯�A��v�A�r�vãS~ Ê çp�,ç �Æ� d�g�huVSX����7��ß�X%�vdfmvg�� ~�¬]ãv�

UWVSX^�%mpXlÕ��%dfX%g]h��v��ã¼d��jh;VSX^gSmvcne�iTxfd��%ikhudfmvg�¢�iT�`humvcj¢¤cnmveôh;VSX)�çT¬¼�uike�aSxfXZhum¼huVAX^¢¤�Ax�xþ�;iTe�aSx�Xk�
òT¬
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UWVSX¼àZmv�S{Ax�X)l#XOiTeû{wik��op�Tc;mv�SgA�½�MmvgS�nd��nh;��mT¢@X`qvXMg�h;� � dfhuV1X`_phuc;i��	� ¸ �Zmvc § � ¸ �Zd�g¥iT�S�Sd�hud�mTg1humhuVSX��	� ¸ ��huVwiQh��%mTe�X�ikh�ýwc;�ÍhO�¥UWVAX�X`_ph;cui	�	� X`qvXMg�h;��~³� x � XMqTX%g]hu�u��iTc;X�huVSmT�;X�dfg � VSdf��V
huVSX�ýwcn�nh�� � ¸ ��XMg�h;X%c�huVSX�huiTc;�vX`h�iTgS�¶huVSXMg h;VSX£�;X%�MmvgS�Ç� � ¸ ���SXM�OiO},d�g�Wwdf�vV]h�ikgS� aAc;mp�S�S�%X
§ � ¸ �%� UWVSX�X _Eh;cui § �ÇX`qvXMg�h;��~�� x § X`qvX%g]h;���¼iTc;X�huVSX��;iTe�X�iT�>h;VSX�� x � X`qvX%g]h;�%±#X _E�%X%aEh
huVwikh�huVAX § � ¸ �>dfgS�nh;XOiT�7mT¢��	� ¸ �>�n�OikhnhuX%c>d�gÉh;VSX�huiTc;�TXMhO�£UWVSX�àZX%x iO}TX%�,º#mvdfgS�%df�SX%gA�%X�º#�Ehu�>�Am
gSmTh � mvcno7mvg h;VSX%�nX�XMqvXMg]hu��{|XM�OiT�A�;X�huVAX�Ë^iTmvg��Kdf{|XMc)h;d�e�X�~�ç0eW��aScnmE�A�S�%XM� {]}ÉhuVSX�ýSc;�nh¼�	�
iTgS�Çh;VSX	Ý
d�mvg �Kd�{bX%c�hud�e�X7~=ç9ÿv��aSc;mp�S�S�MX%�Ô{]}Çh;VSX��nX%�%mTgS���	� mvc § � iTc;X��AgSc;XMx ikh;X%��� UWVAX
UWd�e�d�gS�½º#�Ah;��dfg¶huVSX£{bXOiTe¨dfgS�nh;c;�Se�X%g]huikhudfmvgú~³Ë^iTmvg iTgS�ÇÝ
d�mvg ¢º#X%cnX%gSokmrq¯º#mT�Sg]huX%cn�%±�l#X%iTe) d�c;X)º#Vwike�{|XMc;�>~³l/)�Ý�º#�u�tiTgS�1l#\�âtmp�Smv�;�MmvabXr�W�OiTg�c;X¹%nX%�MhthuVSX�àZmv�A{Sx�X�l#X%iTe�{wiT��o��vcnmv�SgS��±
�;d�gA�%XjhuVAX%d�c=hud�e�d�gA�v�%±kdf¢Ãc;XM�%mvcn�SX%�þ±Eikc;XW�%mTc;c;XMx ikh;X%��h;m^h;VSXjhuc;iT��o)h;d�e�XjaScnmE�S�A�%X%��{]}�h;VSXWX`_phuc;i^� �
mvc § � ��UWVSX�U=iTcn�vXMh)ÝKiQh;huXMc;g7ß¡XM�%mv�vgAdfhudfmvg½º#�Ah;�>iTcnX�iTx��nm1ik{Sx�X¼hum£ýwgS�½X`_ph;cui1aSiTcnh;d��%xfX%��mTh;VSX%c
huVwiTg�h;VSX^d�gSd�hud ikxþ�	� VSdfh � VAX%g£huVSX^oQiTmvg��%xf�S�nh;X%cWd��¡iTaSiTcnhW¢¤cnmveôh;VSX^�;X%�MmvgS�1awiTcnh;d��Mx�XZVSd�hu�M�

UWVAX)àZmT�S{Sx�X^l3XOiTe {SiT��o��vc;mv�AgS�1xfXMqTX%xªd��WXM�nh;d�e�ikhuXM��dfg�huVSXZ¢¤mvxfx�m � d�gA� � iO}T� Ä X`hu�Sa��%�Ehu�¡iTc;X
iTaSaSxfd�X%� h;m	huVSX §z©=«© ~F�È�)hucnd��v�TX%c��;iTe�aAx�X�d�g,mvcn�SX%c�h;m c;X%e�mrqvX1��ÿ � ±jÅ��Smvg iTgS� Ä d�gS�Tx�X�l#X%iTe{wiT��o��vc;mT�SgS�S�M�¼ü9g h;VSX�ß�X8%nX%�`hudfmvg½l#cuiTgA��V�±C�;mve�X�iT�S�Sd�hudfmvgwiTxz�;X`hu�Sa½�%�Ah;�^iTc;X�ikaSaSx�dfX%��h;m��nX%xfX%�Mh
aSd�mvg�huc;iT��o��%�
àZmv�A{Sx�X�l#X%iTeÒX`qvXMg�h;�@iTc;X��;XMx�XM�MhuXM�¼{]}>cnX%���Sd�cnd�gS�¡VSd�hu�Kdfg)h;VSXjl#\�âtmp�Smv�n�%mvabXjikh=huVSX
hucuik��o�hud�e�XT�
UWVAX)cnX8%nX%�`hudfmvg1mk¢KhuVAX�UWdfe�dfgS��º#�Ah;�tdfg�h;VSX�Ë�ikmvg ~�Ý
d�mvgÃ�Ú¢ºjXMc;X%gAoTmrq¥º#mv�Sg]huXMc�iTgA�
l/)�Ý�º#�jd��3e�X%iT�;�ScnX%� � d�huV�h;VSXZ� x	� ~��Þx § ��XMqTX%g]hu�jhuiT�v�vXM��{]}�cnX%���Sdfc;d�gA�)huVSikh#h;VSX��nX%�%mTgS�
awiTcnh;d��Mx�X^VwiT�ti�x�iTc;�vX�~¤�;e�iTx�x �#�wYÖk�E_1d�g£huVSX>l#\�â¡mE�Amv�;�Mmva|Xk��UWVSX>cnX8%nX%�`hudfmvgS�tiTc;X��;�Se�e�iTc;df�%X%�
d�g£UKik{Sx�X¼�v�T�

§�^ª{lwxmly ´)p�´ ^ªkl^ªy�o ´)p�Á ^ªkl^pyôo
Ç wx{ly�jsv¹§�^ª{lwxmly Ãs¾ Æ ¾rqsÃ+s tuswv�~ ½yx0Ä}½ ~ Æ ¾yz+syvs½yq�Äp¾�tuz Ä�zl¾|~ ¼ x{s|zyv�~ ÆÄ}`�Äd§�^ª{lwxmly Ã+z�Ã]zwqsÃyv�tus�½ ~ ¼ x0Ä}½ ~ Æ ¾�Ãs½l½|Ädq�Äp¾�tuz ¼ ¾rv�~ Ã|x{s|Äp¾|~ z

UKiT{Ax�X��T�çbzß¡X¹%nX%�Mh;d�mvg¼mk¢whuVSXjUWdfe�dfgS��º#�Ahu��dfg>huVAXj{|X%iTe d�gS�Íhuc;�Ae�XMg�huikhudfmvg)¢¤mTc=huVAXWàZmv�S{SxfXjl#X%iTe
{wiT��o��vc;mT�SgS���

ü9g¼h;VSX¡stmvcne�iTxfd��%ikhudfmvg>l3cuiTgS��Vþ±p�nmve�X�iT�S�Sd�hud�mTgwiTxp�;XMh;�Sa��%�Ah;�3ikc;X�iTaSaAx�d�XM���KUWVAX¡XM�nh;d�e�ikhudfmvgS�
¢¤mvcth;VSX¼�Ox � iTgS� �Ox § XMqTX%g]hu��iTcnX��;XMawiTcuiQhuX%x�}¥abX%cÍ¢¤mvc;e�X%� � d�huV¥h;VSX Ä XM�%mvgA�Él3df¢¤�Scn�Oikh;d�mvg
Å1XMh;VSmE�þ�

UWVAXWaSc;XM�Sd��`huX%��g��Se�{bX%cn��mT¢ÃhuVAXW�Ïx��ûiTgS���Ïx § XMqTX%g]hu��c;XMe�ikd�gSdfgS�tdfg�huVSXjstmvcne�iTxfd��%ikhudfmvg
l#cuiTgA��V£iTc;X�sVeC^ �A���rò�iTgA�£s¡ÿ�^/�E�Æ¬v��~³sVe ^/�E�f�Èã)iTgS��s�ÿ�^ �A�Æ�T[>d�g�huVSX>�w�¡�^ß�X%�Td�mvgÃ� ±�c;X`Ê
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huX%�ÍhuXM�>{]}��%mve�awiTcnd�gS�WhuVAX3aScnX%�Sdf�Mh;X%��ikgS�>mv{A�;X%cÍqvXM��cuikh;X%�zgSXOikc={S�EhKmv�Ehu�;df�SX@huVSX��;df�vgwiTx]cnX%�vdfmvg��Cü ¢
huVSX��Sdf�nhucnd�{S�Ehud�mTgS��mT¢|XOiT��V�{wiT��o��vcnmv�SgS���;mv�Ac;�%X¡{bmThuV�d�gA�;d��AX�iTgS��mv�Ahu�nd��SXWh;VSX Ä d��vgSiTxwß�X%�vdfmvg�iTc;X
� XMx�xþ�AgS�SX%cn�nh;mEmp� � dfhuV�h;VSXZh � m�¢¤�SgA�MhudfmvgS�Wik�;�;mp�%d�ikhuXM� � dfh;V£h;VSX�l#d�¢¤�Sc;�%ikhudfmvg��M�Ahu�M±ShuVSX^iTe�mv�Sg]h
mT¢=h;VSX^{wiT��o��vcnmv�SgS��d�gS�nd��SX^ikgS�1mT�Ahu�nd��SX�huVAX Ä d��vgwikx�ß�X%�vdfmvg£�;VSmv�Ax��£{|X^XM�nhudfe�iQhuX%�£�Mmvc;cnX%�Mh;xf}T�

î �n��VSX%e�ikh;d��ZcnX%aScnX%�;XMg]h�ikh;d�mvg£mT¢ChuVAX�c;X%�Td�mvg�gAXOiTcM±S{S�Ah�mv�Ehu�;df�SXT±EhuVSX��nd��vgwikx|cnX%�vdfmvg�d��j�nVSm � g
d�g �Kd��v�Ac;X�\S�v��îúc;XM�vd�mvg�mv�Ah;�;df�SX¡h;VSX Ä d��vgwikxÃß¡XM�vd�mvg¥~�î e dfg��Kdf�v�ScnXt\S�r�
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h � m)l#df¢¤�Ac;�OiQhud�mTg¼�%�Ah;��~��D�(���tikgS���D�(���v���;d�e>�SxfhuiTgSX%mT�S�;x�}>{]}¼ýA_EX%��¢�iT�`humvcn�0�)iTgS���r±pcnX%�na|XM�Mhud�qvXMxf}v�
ü hZ�;VAmv�Sx��¥{|X)gSmThuXM��huVwiQhth;VSX Ä df�vgwiTxzß�X%�vdfmvg¥df���nh;d�xfxªe�iT�noTXM�	mv�AhO�tUWVSd��tc;XM�vd�mvg1î e df�tcnXM¢¤XMc;c;XM�
hum�iT�WhuVSX��nmT�Ahu�nd��SX Ê huVAX`Ê9{bmO_�¨�cnX%�vdfmvg��
ü ¢=huVSX^{wiT��o��vcnmv�SgS��¢¤�SgS�`hud�mTgS�¡iT�;�nmE�Md ikh;X%� � dfh;V�h;VSX��D�(���
iTgS���D�(����iTc;X¼�Mmvc;cnX%�Mh%±ªhuVSX�X`_EabX%�`huX%�Ég��Se�{bX%c�mT¢3{wiT��o��vcnmv�SgS�½XMqTX%g]hu��d�g	huVAX¼mv�Ahu�nd��SX Ê h;VSX`Ê {|mO_
c;X%�Td�mvg�df�WX%�nh;d�e�ikhuXM��hum�{|X� ¾ ~�aScnX%�Sdf�MhuXM�b�*^ ��������� ¾ ~Í��� ��ß¡XM�vd�mvgS�,xÒ� ¾ ~ Ä df�vgwiTxªß�X%�Td�mvgS�n� ~¤\S�È�
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huVSXMg7i��%mTc;c;XMx ikh;d�mvg	{bXMh � X%XMg7huVAX�l3df¢¤�Scn�Oikh;d�mvg��M�Ahu���%mT�Sx�� {bX�dfgS�Sdf�Oikh;X%� iTgS� huVAX�{SiT��o��vc;mv�AgS�
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�SgS�%XMcnhuiTd�g]hudfX%�Wdfg£h;VSX�h�iT{Ax�XT�
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huVAX�h�iTcn�vXMh%��ît�S�Sd�hud�mTgwiTxC�%�Ah;� � dfhuV
e�dfgSd�e�iTx
iT�M�%XMaAh�iTgA�%X�x�mT�;� � X%cnX��SXMqpd��nX%� h;m	X%x�dfe�dfgwikh;X¼�;�S��V XMqTX%g]hu�M�ÉUWVSX��;X%�MmvgS�,c;X`qvX%iTx�XM�,i
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UWVSX�ýwgwiTxK{wiT��o��vc;mT�SgS� x�X`qvX%xf�^iTc;X>�;�Se�e�ikc;d��MX%�	dfg�UKik{Sx�X��rãE�)UWVAX�humThuiTxK{wik��op�Tc;mv�SgA�ÉxfXMqvXMx�d�g
huVSX Ä df�vgwiTx
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�vdfqTX%g huVAX�X`_Ea|XM�Mhuikhudfmvg,mT¢ti¥¢¤X � �OiTgS�Ad��wikh;X�XMqTX%g]hu�l�WVSm � X`qvXMc%±3h;VSX�X`_EabX%�`huX%� {wiT��o��vcnmv�SgS� d�g
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X`_EaSx�mTdfhuXM�£{�}��S�;dfgS�¼huVSX^x�dfoTXMx�d�VAmEmp��huXM��VSgSdf�p�AX)�SXM�;�Mc;d�{bX%��d�g Ä XM�Mh;d�mvg£\S�

ljiT��o��vcnmv�SgS� ljiT��o��vcnmv�SgS�1yªXMqTX%x#~�XMqTX%g]h �
Ä df�vgwiTxþß¡XM�vd�mvg �w���>ß�X%�vdfmvg
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h;VSX>�nX%xfX%�Mh;d�mvg
�%c;d�huXMc;d iE±zX _E�%X%aEh>¢¤mvc�huVAX�Ý
VwiT�nX Ä aSiT�%X�º#�Ahu�^¢¤mvc)ßtiTgA�vX�iTgS� Y
gSXMc;�T}T���Kd��T�Sc;X�\]¬£�;VSm � ��huVwikh
huVSX�c;XM�%mvgA�nhucn�S�Mh;d�mvg�mT¢bhuVAX¡�%iTgS�Sdf�wikh;X¡X`qvXMg�h3d��
e�iT�SXW�Mmvc;cnX%�`huxf}�d�g�huVAX�huiTc;�TXMhO±��¡U¡ºÇiTgS��ß¡iTgS�vX
Ä h�iT��oÃ� s¡m�mThuVAX%c�{bXOiTe awiTcÍhudf�%x�X��%mTd�gS�Md��SXMg�h � dfh;V7huVSX�hucuik��o½h;d�e�X�df�>�SX`huX%�`huXM� dfg7huVAX�{|X%iTe
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d��¡mv{S�;XMcnqTX%���ZUWVAX���VwiTcn�vX%��h;cuiT��o£mT¢
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XMqvXMg]h�iTcnX¼¢¤mv�SgS� hum£{bX�gAXOiTc�huVAX�o�dfgSX%e�ikhudf��x�dfe�d�hZmT¢�huVAX��	� ¦¨§ � ©=«© �SX%�%ir}T��º#mTe�awikc;d��nmvgS�
� dfhuV�huVSX)�;df�vgwiTxC�Sdf�nhucnd�{S�Ehud�mTgS��d�gS�Sdf�Oikh;X�h;Vwikh¡huVSX)�OiTgA�Sd��wiQhuX�XMqvXMg]h^VwiT�th;VSX>aAc;mvabX%ctopdfgSX%e�ikh;d��
�p�SiTg]hudfh;d�XM�3ik�#i^�;df�vgwiTx³±�iTxfh;VSmv�S�vV�d�h@X`_Ed��Íhu�#dfg�i�cnX%x iQhudfqTX%x�}¼�;e�iTx�xSiT�%�MX%aAhuiTgS�%Xtc;XM�vd�mvgþ�]�Kdf�v�Sc;X�\v\
�;VSm � �jhuVAXZ�;df�vgwiTx|iTgS��{wik��op�Tc;mv�SgA���Ad��nh;c;df{S�AhudfmvgS��mT¢ªhuVAXZhuVScnX%XZ���wiTg]h;dfhudfX%�jdfg�h;VSX^ßtikgS�vX Ä h�iT��o
�wYÖk�E_¥º#�Ah;�%�jîtx�x�mT¢=huVSX��Sdf�nhucnd�{S�Ehud�mTgS�j�;VAm � h;Vwikh�huVAd���XMqTX%g]hZdf�¡�nd��vgSiTx�Ê x�d�okXT±pgSmTht{wiT��o��vcnmv�SgS�EÊ
x�d�okXT±KiTgS� huVSikh�d�h>Vwik��i¥�nd��vgwiQhu�ScnX�mT¢�gSXMdfh;VSX%c>i¥VwiTcn�¶�;�OiQh;huXMc;dfgS��gSmvc>i¥g��S�%xfXOiTc)d�g]huXMcuiT�`hudfmvg��
UWVSX^a|mv�n�;df{Sd�xfdfh9}�huVwikhWh;VSd��WX`qvXMg�h�mvc;df�vd�gSikhuXM�#¢¤c;mveñhuVSX���� � ßtikgS�vX^UKikd�x�{wik��op�Tc;mv�SgA�1df�W�;e�iTx�x³�UWVAX¡�%iTgS�Sdf�wikh;X¡X`qvXMg�h3d��
dfg]qvX%�Íhudf�]ikhuXM�¼¢¤c;mve h;VSXjqpd�X � abmvd�g]h@mT¢ §C� d��SXMg]hudfýS�Oikh;d�mvg � d�huV�U�àZ�%�
U�àñdfgA¢¤mvc;e�ikh;d�mvg�dfg	huVSX § � �nh;mvaSaSdfgS�£�%mv�Ag�h;X%c�d����nVSm � g7d�g �Kdf�v�ScnX¼\]¬�UWVSX § � ¦ Ü � �AX%�OiO}
hud�e�X¡d��jòE�f�Èã�gS�%��°ZgSXZe�iO}��Amv�S{Ahjh;Vwikh3huVSX�ýAh;huXM���Smv�S{Ax�X�aA�Sx��nX%��iTcnX��S�SXZh;m¼i)huiTd�xoWw�S�`hu�wikh;d�mvg
mT¢�i7�;dfgS�vxfX1aS�Ax��;Xk� âtm � XMqTX%c%± § � ¸ �%± � VSmv�nX	x�d�¢¤XMhudfe�X�df���TòÉgS�%±��%mT�Sx��¯�AX%�OiO}¯ikh�X%iTc;x�} h;d�e�X%�~��;XMX��Kd��T�Sc;X)\�ãv�`�^ü ¢@huVAX�ýwc;�Íh^iTgS�	�nX%�%mTgS�ÉaA�Sx��nX%�^iTcnX>qvXMcn}	�Mx�mv�nX�d�g¥h;d�e�XT±bhuVSX¼�Sdf�;�Mc;d�e�d�gSikhudfmvg
{|X`h � XMX%g�huVAXZikhnh�iT��VSXM��aS�Sxf�;XM�j{|XM�%mve�X%� � mTc;�;X¡huVwikg�huVwiQh#mT¢��SXMhuiT��VSX%��aA�Sx��nX%�%�@Y�qTX%g]hu� � d�huV�ikg
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�Kd��v�Ac;X�\�ãcbCàZd��nh;c;df{S�AhudfmvgS�|mT¢�huVSX
ýShnhuX%���;XM�%mvgA�)aS�Ax��;X
h;d�e�X�~=���T��¢¤mTc § �¼�;df�vgwiTxÃ~¤Vwikh;��VSX%�Ã�ªiTgA��Ü��
{wiT��o��vc;mT�SgS�¶~¤mvabX%gSXM�Ã��X`qvXMg�h;�%�jU=iTdfxYWw�S�Mh;�wikh;d�mvg�XMqTX%g]hu��iTc;X^X%gAVwiTgS�MX%��dfg�h;VSX�Üª�½{SiT��o��vc;mv�AgS�
�uiTe�aSx�Xk��UWVSX)iTc;cnm � d�gA�Sd��%ikhuXM�jhuVSX^�OikgS�Sd��SikhuX�X`qvX%g]h%�

XOiTcnxf} § � ¦ Üª�,�SXM�OiO}Éh;d�e�X � mT�Sx��½huVSXMc;XM¢¤mTc;X�VSirqTX�iTg7iTe�{Sdf�v�Sd�h9}�mT¢3huVSX § � df�SX%g]hud�ýw�OiQhud�mTg���Kd��v�Ac;X>\vò��;VSm � ��huVSX¼�nd��vgSiTx�iTgA�	{wiT��o��vc;mT�SgS�½�Sd��Íhuc;df{S�Ah;d�mvgS�¡mT¢����wiTg]hud�hudfX%��~�gAX%�ScnmvgS���t¢¤mTc�huVSX
stX%�AcuiTxCs¡XMh § � ¦ Üª�½àZX%�OiO}1º#�Ah¡dfg�X`qvXMg�h;� � dfh;V¥ikg�X%iTc;x�}��;XM�%mvgA�¥aS�Sxf�;X^hudfe�X�~�����´ �O��gS�u�`�
UWVSX § ���;d��TgwiTx]XMqTX%g]hu�@ikc;X#mT{Ah�iTdfgSX%��¢¤c;mve h;VSXjÝ
dfmvg Ä �%ikh;h;X%cnd�gS�tXMqvXMg]hu��dfg)huVAX §z©=«© ~F�È��huc;df�v�vXMcz{]}
iTaSaSx�}EdfgS��h;d��vV]h�Ë�dfgSX%e�ikhudf�¼º#�Ah;�Zhum�XMgS�;�ScnX¼huVwikh � XMx�x�Ê c;XM�%mvgS�Íhucn�S�Mh;X%� §C� huc;iT��o���iTc;X��nX%xfX%�Mh;X%���
ü9gCÜ � {wiT��o��vcnmv�SgS� X`qvX%g]h;�%±thuiTd�x+Ww�A�Mhu�SikhudfmvgÔXMqTX%g]hu��iTcnX¥X%gAVwiTgS�MX%� {]}¯d�e�abmv�;dfgS�7ikx�x¡mT¢�huVSX
§C��¦ Ü ��¦ ïr� àZXM�OiO} Ä XM���SX%gS�MX	º#�Ah;�%±�X`_E�%XMaAh�¢¤mvc>huVAX£s�s §C� ¦ Ü � àZX%�%iO} º#�AhO�
) dfhuV
c;XM¢¤XMc;XMgS�%X�hum	h;VSX��;df�vgwiTx#iTgS�,{wiT��o��vcnmv�SgS� �Sd��Íhucnd�{S�Ah;d�mvgA��d�g h;VSX��OiT�nX�huVwikh>huVSX£�;XM�%mvgA� aS�Ax��;X
hud�e�X�df��XOikc;xf}T±�huVSX��%iTgS�Sdf�wikh;X�XMqvXMg]h��nX%XMe���h;m½{bX�e�mvc;X�aSd�mvgpÊ9x�dfoTX�huVwiTg¶e>�SmvgEÊ x�d�okX � dfh;V huVSX
X`_E�%XMaAhudfmvg1mk¢�yªmv� ��¸ ~���~Í�r�,Ñ&��~ �v�n�`�ü9g��;�Se�e�ikcn}v±]h;VSd����OiTgA�Sd��wiQhuX¡XMqvXMg]hWVwiT�#iTx�xwmT¢þhuVSXt��VwiTcuik�MhuXMc;df�nhudf�%��mT¢�h;VSXZ�	� ¦á§ � ©=«© �nd��kÊ
gwiTx ±ÈikxfhuVAmv�S�vV�h;VSX�¢�iT�`hªhuVwikhCd�hu��e�mve�X%g]hu�Aeúdf��gSXOikc�huVSX
o�d�gAX%e�ikhudf��x�dfe�d�hb¢¤mTcþhuVSX@�	� ¦¨§ � ©=«© �SX`Ê
�OiO} iTgS� dfh�VwiT��iTg XOiTcnxf} § � �SX%�%iO} h;d�e�X£mT¢�òA���Èã	gS���vdfqTX%��iTg¯iTe>{Sd��v�Adfh9} �MmvgS�MX%c;gAd�gS�ÉaSd�mvg
d��SXMg�h;dfýw�%ikhudfmvg��
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ü9g �AXMhuXMc;e�d�gSdfgS�¥h;VSX�{ScuikgS��VSd�gA�	cuikh;d�m�mT¢��	� ¦ § � ©=«© ±
huVSX�aScnmv{wiT{Ad�x�d�h9} mT¢¡{wiT��o��vcnmv�SgS�S��¢¤mvc
huVSX��OiTgA�Sd��wiQhuX�XMqvXMg]h�d��¡iTxf�;m�h�iTokX%g�dfg�h;m�iT�M�%mv�Ag�h%�WUWVSX%cnXM¢¤mvcnXT±|dfh¡d���gSXM�%X%�n�uiTcÍ}¥h;m�e�XOiT�n�Sc;X�huVSX
{wiT��o��vc;mT�SgS� �Sdf�nh;c;d�{A�AhudfmvgS��d�gS�nd��SX�huVSX��;df�vgwiTx@{bmr_7iTgA�Éhum¥�%mvgS�Íhucn�S�Mh)huVSX��;mkÊ �OiTxfx�{SiT��o��vc;mv�AgS�
¢¤�SgS�Mh;d�mvgA�%�

õ�R í R�Ö ��� � � PwRDC � NQÙbÛ Ø Ú ö Ü�JMLrNQÜ¤IKÛªLÈÜ¤Ù Ø
l#X%�%iT�S�;X>��� � {wik��op�Tc;mv�SgA�¥�%mTg�h;c;df{S�AhuXM�th;m�h;VSX^�;d��TgwiTxª{bmr_£qpd�i�h � m � iO}E�M�â) VSX%g�huVSX�e�mve�XMgEÊ
hu�Se�df�¡�Tc;XOiQhuX%c�huVSiTg	�v�k�]Å1XMÞ}*�È±|d�htdf�WhuVSmv�A�vV]hth;m�{bX�h;VSc;mv�A�vV¥e�mve�X%g]hu�Se!c;X%�nmvx��Ehud�mTg1Xn¥þXM�MhO�
°Zh;VSX%c � d��nX�d�hWd��Wh;VSc;mv�A�vV�huVSX^cuikgS�vX`Ê e�mTe�XMg�h;�Se!cnX%�nmvx��Ah;d�mvg�Xn¥þXM�Mh%��=d��v�ScnX�\��j�;VAm � �ChuVAX�qTikx��SXM�zmk¢ph;VSX���� � ß¡iTgS�TX
UKiTdfxT¢¤�SgS�`hudfmvgS�Cikhªh;VSX
�Sd¦¥|X%cnX%g]hz�%�AhCabmv�ndfhudfmvgS�mT¢)h;VSX½e�mve�X%g]h;�Se1�5UWVAXÉ{wik��op�Tc;mv�SgA� x�X`qvXMx��É~��nmvx�df��xfd�gSXO��iTgS�úiT�M�%X%aEh�iTgS�MX%� ~��wiT�nVSX%� x�d�gAXr�

�T�



0

200

400

600

0 2 4 6

10

10 2
10 3
10 4

0 0.2 0.4 0.6 0.8 1

0

200

400

600

0 1 2 3
0

200

400

600

800

2 3 4 5 6 7

0

200

400

-2 0 2

Eµ (MeV) NN output

Log10(R(1)⋅R(2)) Log10(χ
2
1(1)⋅χ2

1(2))

zπ - zµ dt (ns)

0

200

400

600

800

-10 0 10�Kd��v�Ac;X�\]ò�b�ó��SiTg]hudfh;d�XM��¢¤mvc�h;VSX�s¡X%�Sc;iTx#s¡XMh § � ¦ Üª�ÇàZXM�OiO}7º#�Ah�dfgÉX`qvX%g]h;� � dfhuVÉiTg X%iTc;x�}
�;X%�MmvgS�ÉaS�Sx��nX�hudfe�X£~����¥´ô�O�£gA���`��UWVSX�VwiQhu��VSXM�7VSdf�nhumT�vcuiTe���iTcnX¼¢¤mvcZhuVSX § �¶�nd��vgwikx
iTgS� huVSX
mva|XMgSX%�½mvgSXM��iTc;X�¢¤mvcthuVSX�Ü � {wiT��o��vcnmv�SgS�þ�¼UWVSX�iTc;cnm � �^dfgS�Sd��%ikhuX)huVSX��OikgS�Sd��SikhuX¼X`qvX%g]h%��UWVAX
�SXMýwgAdfhudfmvg�¢¤mvcWX%iT��V1qkiTcnd iT{SxfXZd��WX _EaSx iTdfgSX%�£dfg Ä X%�Mh;d�mvg�¬A�ÆãE�¬A�

�k¬



10
-1

1

10

10 2

220 225 230 235 240

↓
Cut

0

0.2

0.4

0.6

0.8

1

1.2

R
el

at
iv

e 
ba

ck
gr

ou
nd

 le
ve

l

Momentum (MeV/c)

R
el

at
iv

e 
ac

ce
pt

an
ce

 le
ve

l

�Kd��v�Ac;X \���b(ljiT��o��vcnmv�SgS��ikgS� iT�M�%XMaAh�iTgA�%Xú¢¤�AgS�Mh;d�mvgS� c;XMx ikh;X%�ñhum/huVSX�o�d�gSXMe�ikh;d��M� mk¢�huVSX
��� � ß¡iTgS�vX^U=iTd�x|{wiT��o��vcnmv�SgS���

�Q\



10
-1

1

10

10 2

0 2 4 6

↓
Cut

0

0.2

0.4

0.6

0.8

1

R
el

at
iv

e 
ba

ck
gr

ou
nd

 le
ve

l

χrm

R
el

at
iv

e 
ac

ce
pt

an
ce

 le
ve

l

�Kd��v�Ac;X�\]µ�b¡ljiT��o��vcnmv�SgS� iTgA�	iT�%�MX%aAhuiTgS�MX�¢¤�SgS�Mh;d�mvgA�Zc;XMx ikh;X%�¥h;m�huVSX>opdfgSX%e�ikh;d��%�¡mT¢
h;VSX�Å1�SmTg
ljiTgS�£{wiT��o��vcnmv�SgS�þ�

iTc;X�gSmvcne�ikx�d��MX%�	hum£huVAmv�;X�ikh^huVSX��nhuiTgS�wikc;�½�%�Ah)a|mT�;dfh;d�mvg ~¤e�mve�X%g]h;�Seðikh>�v�T[�Å1X`Þ�k�O�`��UWVAX
{wiT��o��vc;mT�SgS��xfXMqTX%x���iTcnX�e�X%iT�;�ScnX%� � dfhuV�huVAXt��� � ßtikgS�vX�UKikd�xSX`qvX%g]h;�jd�g¼huVAX §z©=«© ~Í�È�=h;c;d��T�vX%c@iTgA�huVSX�iT�M�%X%aEh�iTgS�MX%�tiTc;X^e�XOiT�n�Sc;XM� � d�huV�huVAX>Å�mvg]huX>ºjiTc;xfm��	� ¦¨§ � ©=«© XMqTX%g]hu�M��=d��v�ScnX	\]µ,�;VSm � �1h;VSX	qkiTx��SXM�£mT¢>h;VSXÉÅ1�Smvg ljiTgS� ¢¤�SgS�`hud�mTgS��ikh£huVSX½�Sd¦¥|X%cnX%g]h<Ï�4��û�%�Ah
a|mv�ndfh;d�mvgS�M�CUWVSXj{wiT��o��vcnmv�SgS�¼xfXMqTX%x��j~��nmvx�df�)xfd�gSXO�ziTgA�¼iT�%�MX%aAhuiTgS�MX%�¡~��SiT�;VSXM�¼x�dfgSXr�ªiTcnX#gSmvcne�ikx�d��MX%�
hum£huVSmv�nX�ikh�huVAX��Íh�iTgS�SiTc;� �M�Ah)a|mv�ndfh;d�mvgÇ~�c;iTgS�vX��SXMqpd�ikhudfmvg'^��p���T�v�`��UWVSX�{wiT��o��vcnmv�SgS� xfXMqTX%x��
iTc;X�e�X%iT�;�Ac;X%� � dfh;V1huVAX�Å1�Amvg�ljikgS�¥X`qvX%g]h;�Zd�g�huVSX §z©=«© ~F�È�#huc;df�v�vXMctikgS�1h;VSX>ik�%�%XMaAh�ikgS�%XM��iTc;X
e�X%iT�;�ScnX%� � dfh;V£h;VSX�Ý
d�mvg Ä �%ikh;h;X%c;dfgS��XMqTX%g]hu�td�g�huVSX §z©=«© ~Í�È�3h;c;d��T�vX%cM�

õ�R í Rfä ��ÿ � � PwRNC � NÈÙbÛ Ø Ú ö Ü�JMLrNQÜ�I=ÛªLÈÜ�Ù Ø�Kd��v�Ac;X	\][¶�;VAm � ��huVSX	qkiTxf�SX%�£mT¢�huVSXÉ��ÿ � o�dfgSX%e�ikhudf�¥¢¤�SgS�`hudfmvgS��ikh£huVSX �Sdr¥þXMc;XMg�h��M�Ah�a|mv�nd�Êhud�mTgS��mT¢�e�mve�X%g]hu�Se�±WX%gAX%c;�k}ÔiTgS�Ôc;iTgS�vX¥�SXMqpd iQhud�mTgS�%�/UWVSX	{wik��op�Tc;mv�SgA��xfXMqTX%x��	~��;mTx�d��Çx�d�gAXr�
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~�Ù=Ð ¼&� ^ �E�ÆãT�A± �¡Ð ¼&� ^ �E��ãk�A±T��Ð ¼�� ^ �E�Æ�vãv� �ÒUWVSX	{SiT��o��vc;mv�AgS�úxfXMqTX%x���iTc;X	e�XOiT�n�Sc;XM� � dfhuV
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�Kd��v�Ac;XtãT��bKljiT��o��vc;mT�SgS�£iTgS��iT�%�MX%aAhuiTgS�MX�¢¤�SgS�`hud�mTgS�3cnX%x�ikhuXM��hum�huVSX Ä dfgS�vx�X¡l#X%iTe {wiT��o��vcnmv�SgS���
UWVSX��O�ÍhW�%mvxf�Se�g�c;XMaSc;XM�;XMg�h;��¨vgSmvcne�iTxfd��MX%���SX%x�ir}TX%�£�%mTd�gS�Md��SXMgS�%Xl¨S± � VSdf��V�d���ç9ÿ�x�ç0eÇ�Sdfqpdf�SX%��{]}
huVSX^�%�Ehtabmv�ndfhudfmvgS�#¢¤mTcjhuVSX�qkiTc;dfmv�S��àZXMx iO}vXM��º#mvdfgS�%df�SX%gA�%X^�%mvgA�Sdfh;d�mvgS��~�d �¾XT��±=� Ë ��^^�E±¬A±¾\S±ÆãE±Æò¼gS�u�`�
õ�R í Rfõ S Ü Øé� ê è���è Pwé � PwRNC � NÈÙbÛ Ø Ú ö Ü�JMLrNQÜ�I=ÛªLÈÜ�Ù Ø�Kd��v�Ac;X½ãT�,�;VSm � �£huVSX qkiTx��AX%�£mT¢>h;VSX,�MÊFl3XOiTe ¢¤�AgS�Mh;d�mvgS��ikh£h;VSXÉ�Ad¦¥|X%c;XMg]h1�M�Ah1a|mv�ndfh;d�mvgS��mk¢
àZX%x iO}TX%��º#mvdfgS�%df�SX%gA�%XT�=UWVSX#{SiT��o��vc;mv�AgS�¼x�X`qvX%xf�W~¤�;mvxfd���x�d�gAXr�ªiTgS�¼ik�%�%XMaAh�ikgS�%XM��~��wik�;VSXM�¼x�d�gAXr�ªiTc;X
gSmvc;e�iTxfd��%XM��humWh;VSmv�;X�ikhþhuVSX@�nhuiTgS�wikc;���%�AhCabmv�;d�hudfmvg�~;~�ç9ÿ=x ç0ej� z � Ë �â^Ò�v��v�]�`�CUWVSX@�Smkh;huXM�EÊ9�SiT�;VSXM�
x�d�gAX3ikgS���SmThnhuXM�¼x�d�gAX�cnX%aScnX%�nX%g]h
huVSX#{wiT��o��vc;mT�SgS�¼x�X`qvXMx��=¢¤mTc Ä dfgS�vxfX#l#X%iTe/{wiT��o��vcnmv�SgS��iTgA��ºjYi;
{wiT��o��vc;mT�SgS��±wcnX%�;abX%�`hud�qvX%x�}v�@UWVSX^{wiT��o��vcnmv�SgS��x�X`qvXMx��j¢¤mvc Ä d�gS�vxfXZl#X%iTe ~³ºjY8;��#{wiT��o��vcnmv�SgS�1iTc;X
e�X%iT�;�ScnX%� � dfh;V�huVSX Ä d�gS�Tx�X¼l#X%iTe»{wiT��o��vc;mT�SgS�½�uiTe�aSx�X)d�g�h;VSX §z©=«© ~F�È�¡hucnd��v�TX%c¼~³Å1mvg]huX�ºjikc;x�m
ºjY8;ïXMqTX%g]hu�u�`±tiTgS�Çh;VSX¥ik�%�%XMaAh�ikgS�%XM�£iTc;X1e�X%iT�;�ScnX%� � d�huV huVSX1�nhumTaSa|XM�¯oQiTmvg XMqvXMg]hu��d�g huVSX
��� � e�mvgSd�humvc#h;c;df�v�vX%cM�
õ�R í Rs� ö ÙbÛzI=ê è���è Pwé � PwRDC � NQÙbÛ Ø Ú ö Ü�JMLrNQÜ¤IKÛªLÈÜ¤Ù Ø�Kd��v�Ac;X¼ãp���;VSm � ��huVAX>qkiTx��SXM�ZmT¢
h;VSX��ÈÊFl3XOiTe�¢¤�SgS�`hudfmvgS��ikh�huVSX��Ad¦¥|X%c;XMg]h��%�Ah^abmv�ndfhudfmvgS�¡mT¢@huVSX
hud�e�d�gA�¼d�g1h;VSX�lÖ)�Ý3º#�M�tUWVAX>{wiT��o��vcnmv�SgS�¥x�XMqTX%xf�¼~��nmvx�df�1xfd�gSXO�jiTgS�	ik�%�%XMaAh�ikgS�%XM��~��wik�;VSXM�	x�d�gAXr�
iTc;X¡gSmvcne�iTxfd��MX%�¼hum�huVSmv�nX�ikh�huVSX¡�nhuiTgS�wikc;���M�Ahjabmv�;d�hudfmvg�~�l/)�Ý�º hudfe�dfgS��^ �A�Æ�T�]�`��UWVAX��SmThnhuXM�
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iTgS�½�SmTh;h;X%�EÊ �wiT�nVSX%�Éx�d�gAX%�^c;XMaSc;XM�;X%g]h)huVSX�{wiT��o��vcnmv�SgS�Éx�XMqTX%xf��¢¤mvc��?x¯� iTgS�É� x § àZmv�A{Sx�X
l#XOiTeð{SiT��o��vc;mv�AgS�S�%±Kc;X%�na|XM�Mh;dfqvXMxf}T��UWVSX�{wik��op�Tc;mv�SgA� x�X`qvX%xf��iTc;X�e�X%iT�;�Ac;X%� � dfhuV huVAX�àZmv�A{Sx�X
l#XOiTe5X`qvXMg�h;�#dfg�h;VSX §C©=«© ~Í�È�Kh;c;d��T�vX%c@iTgA��h;VSX�ik�%�%XMaAh�ikgS�%XM�WiTc;X�e�XOiT�n�Sc;XM� � d�huV�huVSX¡�;dfgS�vx�XWoQiTmTg
{|X%iTe XMqTX%g]hu�¡d�g�h;VSX���� � e�mvgSdfh;mvc3h;c;df�v�vX%cM�
-�.�§ $ÛKLKLF�ü�<=;*>AKLF Ë F�;E÷ /ADGF�ýÞF�>:<C;*>A@6PTF�>A÷�5¹<=5³��5²<çM
ü9g�h;VSd��@ikgwiTxf}p�nd��%± � X�e�ikoTXj¢¤�SxfxS�S�;X�mT¢bhuVAX � XMx�xwo�gSm � g�aAV�}p�nd��%��aScnmE�MX%�;�nX%�@¢¤c;mve i��nhumTaSa|XM��oQiTmTg
�SX%�%ir}T±�e�XOiT�n�Sc;dfgS��h;VSX¼iT�M�%X%aEh�iTgS�MX%� � VSXMgSXMqTX%c^dfhtd��ta|mT�;�;df{Sx�Xk�ZYK_E�%XMaAh�¢¤mvcth;VSX�ik�%�%XMaAh�ikgS�%XM��mk¢
aSVwiT�nX>�;aSiT�%X>iTgS��e�mv�nh¡mT¢KhuVSX�huc;df�v�vXMc¡�MmvgS�Sd�hudfmvgS�%±biTxfx�huVSX)c;XM�nh�ikc;X�e�X%iT�;�ScnX%���A�;d�gA��huVAX>��� � ±��ÿ � ± § x Ê �l�,çWiTgA�¥� x¨� ï � µ �
õ�R¦��R�Ö H�R]R è�ç LrP Ø R è ë è PwJOÛCN è é èpØ LrJ
UWVSX�iT�%�MX%aAhuiTgS�%XM��mT¢={bmThuV£mvgSxfd�gSXZiTgS��m*9�d�gSX��nd��vgwikx�Ê9�nX%xfX%�Mh;d�mvg��%�Ah;��iTcnX�X%�Íhud�e�ikh;X%�£d�g£mvcn�SX%cWhum
e�X%iT�;�ScnXjhuVSX�{Sc;iTgS��VSdfgS�^cuikh;d�m�mT¢bhuVAXt�	� ¦¨§ � ©=«© �SX%�%iO}v��Å1mv�Íh�mT¢|h;VSX¡iT�%�MX%aAhuiTgS�MX¡¢�iT�`humvcn�@iTc;X
e�X%iT�;�ScnX%�	{]}1�S�;dfgS��e�mTgSdfh;mvcWhuc;df�v�vXMc��wikhuiA�ZUWVSX�ik�%�%XMaAh�ikgS�%X�¢�iT�`humvcn��huVSikh�iTcnX�c;XMx ikh;X%�¥h;m�huVSX
� �¥¦¨§C�ª©=«© opdfgSX%e�ikh;d��%�tiTcnX>�SXMc;dfqTX%�¥¢¤cnmve(Å1mvg]huX�ºjiTc;xfm��nd�e��Sx�ikhudfmvgS�M�jUWVSX�e�mvgSd�humvcjh;c;d��T�vX%c
�wikh�i¼�S�nX%��¢¤mvcjhuVSX�iT�M�%XMaAh�iTgA�%X�e�X%iT�;�ScnX%e�X%g]hu�¡iTcnX�h�iT{S�Ax ikh;X%�£d�g£U=iT{Sx�X¼�OòA�

gdj©oGj ©í£ª£³^pt o.jsy�£³^_ª|j�£\o�m�n
´ »«\ §�^ª£pmly|f�o�n.¥|£³o�wxmly:^@¬ £³wx^py|£�_b^ªjsr jsy|¦ o.jln�{�^³o�jsy|jlv®�f�wxf©í£ª£³w ¦�^pyôo.jlvUvzmôf�f_¯ «I] mlo�m�y aE^po�mN°�jl£p£pwx¦ ^pyôo.jlvUr�¥ m�y k�^³o�mw±

´@µ f=o.mltJ^@¬ £³wx^py�£@
´ []\ [�jln�{�^³o�n�^}£³m�y|f=o.n�¥�£\o�wxmly:n.^pv j©o�^}¦ o.mut wzm�y:o�nGjl£G¤�f
Á³²0´¶µ�·¸·º¹¶» ^ wzy|^pr¨j©o.wx£ªf�n�^ªvxjso�^ª¦ o�mut wxmly:o.n.j�£G¤�f

Á µ ¶¡· µ ¶¼Y µ ¦�^ª£ªjd jl£ª£³^ªt�o.jly|£³^
´ µ ¶ Á µ º8½º ¯º¾�hb± [?n.wx{l{l^ªn�jl£p£p^pt�oGjsy|£p^«I]|j�f�^if�t|jl£p^ijly|¦ Ç mlvxw ¦ jly {lvx^

Á¹µ y�¥|£pvz^}jsn�wxyôo�^pnGjl£³o�wxmly|f�jly|¦ ¦ ^ª£pjdô® wzy ®�¿|wx{l]ôo
UKiT{Ax�X¼�rò�b�Å�mvgSdfh;mvcjhucnd��v�TX%c;��ikgS��huVSX�iT�M�%X%aEh�iTgS�MX)¢�iT�`humvcn�%�

UWVAX��nd��vgSikhu�ScnX�mT¢3h;VSX���� � �AX%�OiO} ~�i£�nd�gS�Tx�X���Vwikc;�vXM�Éhuc;iT��o	iTgA�½gAm1mTh;VSX%c^ik�Mhud�qpdfhudfX%��¢¤cnmvehuVSX�okikmvg �SXM�OiO}A�>d��^huVSX��;iTe�X�iT�>h;Vwikh)mT¢WhuVAX�� � ¦¨§ � ©=«© �;d��TgwiTx��M�¥��� � X`qvXMg�h;��iTc;X�huVSXMc;X`Ê¢¤mvc;XZ�n�SdfhuiT{SxfX�hum�e�XOiT�n�Sc;XZh;VSX���VwiTcn�vX%�EÊ huc;iT��o�c;XM�%mvgA�nhucn�S�Mh;d�mvg�XlÕ��Md�X%gA�M}v±Sh;VSX�{bXOiTe�ikgS��h�iTcn�vXMh
iTgwiTx�}E�nd��¡iT�M�%X%aEh�iTgS�MX%�M±�iTgS��huVSX>iT�%�Md��SXMg]h�iTxCx�mT�;���S�SX�hum�{|mTh;V¥mvgAx�d�gAX)ikgS�¥m*9�dfgSX�Ý@VAmThumvg�Þ@XMh;m
º#�Ahu�M�

��ÿ � �AX%�OiO} d����;�Adfh�ik{Sx�X�¢¤mvc��OiTxf�%�Sx�ikhudfgS�	huVSX¥iT�%�MX%aAhuiTgS�MX%��mT¢�huVSX1UKiTcn�vXMh�ß�X%�%mTgS�nh;c;�S�`hud�mTgº#�Ahu�M± � VSd���V�d�g]qvmTxfqvX^XMgSX%cn�T}£x�mv�n�WmT¢=aSd�mvg�h;cuiT��o��%�
Ý
dfmvg Ä �OikhnhuXMc;d�gA��XMqvXMg]hu�>aAc;mrqpd��SX¼aSdfmvg	huc;iT��o�� � VAmv�;X��nh;mvaSaSdfgS��x iO}vXMc^�;aScnXOiT�S��h;VSc;mv�A�vVSmv�Ah

huVSX�ß¡iTgS�vX Ä h�iT��oÃ��UWVAXM}�iTcnXW�S�;X`¢¤�SxAh;m�e�XOik�;�ScnX#huVSX�ik�%�%XMaAh�ikgS�%XM�3mT¢Ãh;VSXWo�d�gSXMe�ikh;d��3�%mvgS�Íhuc;iTd�g]hu�
mvg�aSdfmvg�h;cuiT��o���~³ß Ä �wYÖk�p_£º#�Ah;�%±Ah;cuiT��o�c;XM�%mvgA�nhucn�S�Mh;d�mvg�d�g�h;VSXA�¡U¡º�iTgA��ß Ä ±EX`hu�r� �@UWVSXM}�iTc;X
iTx��nm¼�S�;XM�1hum�e�XOiT�n�Sc;X�h;VSX § � ¦ Üª� ¦ ï � �SXM�OiO}�iT�%�MX%aAhuiTgS�MXT�

UWVAX7hucnd��v�vXMc¥ik�%�%XMaAh�ikgS�%Xk±)huVAX aSVwiT�nX`Ê �;awiT�MX¶iTgS� �nmvx�df�EÊFikgS�vx�X ik�%�%XMaAh�ikgS�%XM�%±¼iTgA� huVSX iT�`Ê
�%X%aEh�iTgS�MX£x�mv�n�¼�S�SX�hum aSdfmvg,gp�A�%x�X%iTc¼d�g]h;X%cuik�MhudfmvgS��iTgA� �AX%�OiO}]Ê9dfgEÊ²WSd��vV]hu��ikc;X�mv{AhuiTd�gAX%�,{]}¶�S�ÍÊ
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d�gS�1Å1mvg]h;X�ºjiTcnx�m£�;dfe��Sx iQhud�mTgS�ZmT¢3huVSX��	� ¦á§ � ©=«© �SX%�%iO}v±K{bX%�%iT�S�nX�huVAXM}ÉiTc;X�cnX%x iQhuX%�½hum£huVSX
�	� ¦¨§ � ©=«© o�d�gSXMe�iQhud��M��iTgS���OiTg£gSmkht{bX^e�X%iT�;�Ac;X%��{]}��S�nd�gS��iTg]}£e�mvgSdfh;mvc3h;c;df�v�vX%cW�Sikh�iA�

UWVAX%c;X>iTc;X^mTh;VSX%ctiT�M�%X%aEh�iTgS�MX)¢�iT�`humvcn� b�mvgSX�d��WhuVAX�U}Ñ���XnÕ��Md�XMgS�M}T± � VSXMc;X�U}Ñ ��d��WhuVSX�h;c;d��T�vX%c
{Sdfh@huVSikh#cnX%���Sdfc;X%�#i)�Mmvd�gS�Md��SXMg]h#VSd�h�d�g�huVSX¡ýwc;�Íh3h � m�x iO}TX%c;�3mT¢�h;VSX�ß Ä �Mmv�Sg]huXMc;�M��UWVAX��SX`ýwgSdfh;d�mvg
d��¡X`_EaSx ikd�gSXM�¥d�g Ä XM�MhudfmvgY���w±|iTgS�1h;VSX�ikgSmThuVAX%c�df�WhuVSX>� � �nh;mva�XlÕ��Md�X%gA�M}v�¡UWVSX)U}Ñ ��XnÕ��Md�XMgS�M}
iT�%�Mmv�Sg]hu��¢¤mvczhuVSX#XlÕ��%dfX%gS�`}�mT¢wh;VSX#hucnd��v�TX%cz�%mv�Sg]h;X%c
d�g�huVSXjßtiTgA�vX Ä huiT��o�~¤d �¾XT��±vU#ÊÍº#mT�Sg]huX%cu�`��UWVAX
iT�%�MX%aAhuiTgS�%X)x�mv�n�t�A�SX)h;m�h;VSX>�Mmv�Sg]huXMc�d�gAXlÕ��%dfX%gS�`}�iTgS�1h;VSX>�TX%mve�XMh;c;d��%iTxªd�gAXlÕ��%dfX%gS�`}É~ � VSdf��V�d��
�S�SX�hum�iT�Md�e��Ah;VwiTx��viTaS�W{bXMh � X%X%g¥�;X%�`humvcn���Wd��WXM�nhudfe�iQhuX%� � d�huV£{|mkhuV���ÿ � iTgA�¥��� � XMqTX%g]hu�M�UWVAX�� � �nh;mva�XnÕ��%d�XMgS�M}�df�
huVSXW¢¤cuik�Mhudfmvg¼mT¢þokikmvgS�@�nh;mvaSaSdfgS�^d�g¼huVSX�h�ikc;�vX`h
hum^huVSmv�nX�X%g]huXMc;d�gA�
huVSX¼h�ikc;�vX`h>ikgS�7�;ikhudf�n¢ø}pd�gS��h;VSX�Ë^l/c;XM�p�Ad�c;XMe�XMg]hO����� � �SXM�OiO}½d��^�S�;XM�É¢¤mvc�h;VSd��^e�XOiT�n�Sc;XMe�XMg�h{|XM�OiT�S�nX�h;VSX��;df�vgwikh;�Sc;X¼mT¢j��� � X`qvXMg�h;�>df���nd�e�d�x�iTc¡h;m�h;Vwikh^mT¢j�	� ¦ § � ©=«© ��UWVAd���iT�%�MX%aAhuiTgS�MX
d����%iTx��M�Sx iQhuX%�1{]}1huiTo�d�gS��h;VSX�c;ikhudfm�mT¢
h;VSX�g��Se�{bX%c�mT¢@�nh;mvaSabX%� ��� � �SXM�OiO}p�Zhum�h;VSX�g��Se�{bX%cZmk¢�	�1hucnd��v�vXMc;�@hudfe�XM�3huVAXZ��� � {Sc;iTgS��VSdfgS��cuiQhud�mA� Ä mve�X��nX%xfX%�Mh;d�mvg��%�Ah;�WiTc;Xtc;XM�p�Ad�c;XM��hum>�;X%xfX%�`hjhuVSX�nhumTaSa|XM�¥��� � �SXM�OiO}p�%�#UWVAX)�	� �nh;mva�XlÕ��%dfX%gS�`}£d��jhuVAX%c;X`¢¤mvc;X^�vd�qvXMg¥iT�

� � ×dç � � ��í#íb�I^ 4;À µ � � í[×iç � �,�oï Ë ��� � � ï ���UM Ê
� � �Tî$��ÁÂÁ ï îS~���� � �,Ñ±|Vk ¼ Å ¼ aøÏ ® ��Ã}a�j`ÏrkêÑr²�~³��� � � � ~¤\v\��

� VSX%cnX |Ak ¼ Å ¼ aøÏ ® ��Ã�a�j Ïrk Î |Vm�ÕÍÐu4²j]ÃAÑ±|¡Ï 4 ® E@E ¼ 4ÖÑ"|��]� Å Õ³42Õ@ÃyE Å ¼ Ñ±| 4\Õ@ÃyE ¼ Ñ±| 4 ¼ a0��ÃVÑ|Vm ¼ Õ��ÅÄSÏ�Õp4�E ¼ ÏYÑ±| �l�]� Ï���Ã �£¼ Ï��/Ñ±|Æ68Ç � �
âtX%cnXT±T|-68Ç � d���huVSX	U}Ñ��ÉXlÕ��Md�X%gA�M}Ç¢¤mTc���� � � UWVSX	��� � {Sc;iTgS��VSdfgS�¶cuikh;d�mÉd���huiToTXMgÔ¢¤c;mve huVSX
ÝKiTcÍhud��Mx�X¥à�ikh�i3Ø^cnmv�Sa ~³Ý@à�Ø���qkiTxf�SXT� Ä humvaSabX%� ��� � X`qvX%g]h;�1ikc;X��nX%x�XM�Mh;X%� {]}¯iTaAaSxf}pd�gA�7huVSX�%�Ah;���vdfqTX%g	d�g¥UKiT{Ax�X��È�p��UWVAX�iT�%�MX%aAhuiTgS�%XM�^mT¢@huVSX¼�nX%x�XM�Mh;d�mvg��M�Ahu�^ikc;X�e�XOiT�n�Sc;XM�½iT�Z�;VAm � g½d�g
UKiT{Ax�X��rµA��UWVSX¼iT�M�%XMaAh�iTgA�%X%��mT¢
huVSX�hucnd��v�vXMc)~p|tÏ 4 ® E@E ¼ 4 � ±bh;VSX>abmvx ikctikgS�vx�X��%�Eh�~p| �]� Å Õ³40Õ�Ã|E Å ¼ �¡iTgA�huVSX¡cuiTgA�vX�c;X%���Sdfc;XMe�XMg�hZ~p| 4\Õ@ÃyE ¼ �@iTcnX¡mT{Ah�iTdfgSX%��¢¤c;mTe huVSX�Å1mvg]huX�ºjiTcnx�m)��� � XMqTX%g]hu�M�3UWVAXtmTh;VSX%ciT�%�MX%aAhuiTgS�%XM��ikc;X^mv{AhuiTd�gSXM��¢¤c;mveñhuVSX���� � e�mvgSd�humvc�hucnd��v�vXMcW�wikhuiA�UWVAX>�	�	�nh;mva�XlÕ��%dfX%gS�`}£d��We�XOiT�n�Sc;XM��h;m�{bX

� � ×dç � � ��íYíÃ�c^ �A�Æ�v�k\]��®Ç�E�Æ�v�E�v��~ Ê çp�,ç �Æ�`� ~¤\�ãv�
UWVAX�iT�%�MX%aAhuiTgS�MX%�WmT¢�h;VSXZ�	� ¦¨§ � ©=«© �nd��vgwikxb�nX%xfX%�Mh;d�mvg��%�Ah;�jiTcnX��;�Ae�e�iTc;df�%XM��d�g�UKik{Sx�X)�r[A�

Y�ik��V�¢�iT�`humvc�~ � c;d�h;huXMg£d�g�{bmvx��Ã�#df�j�%mTe�abmv�;XM�1mk¢K�nXMqvXMcuiTxC�Mmve�abmvgSXMg]hu�)~�dfg�awiTc;XMg]huVSXM�;X%�u�`± � VSmv�nX
iT�%�MX%aAhuiTgS�%XM��iTc;X¼XM�nhudfe�iQhuX%�	�A�;d�gA�£h;VSX¼e�mvgSdfh;mvc�huc;df�v�vXMcZ�wikhui�iTgS�ÉÅ1mvg]huX�ºjiTcnx�m��nd�e��Ax ikh;d�mvgS�M�
Å1XOiT�n�Sc;XMe�XMg]hu��mT¢3h;VSX�aSVwiT�nX`Ê �;awiT�MX�ikgS�É�nmvx�df�EÊFikgS�vx�X>iT�%�MX%aAhuiTgS�MXT±ChuVSX § � ¦ Ü�� ¦ ï � �AX%�OiO}
iT�%�MX%aAhuiTgS�%Xk±biTgS��huVSX�iT�M�%df�SX%g]h�ikxªx�mv�n�j¢¤mvc#huVAX Ä d��vgwikx�ß�X%�vdfmvg�iTc;X�abX%cÍ¢¤mvc;e�X%�£{]}�x�mpmv�nX%gSdfgS��huVSX
�%mvcnc;X%�na|mTgS�Sd�gA�7�%�Eh � dfh;VSmv�Ah�huVAX¥mTh;VSX%c�h � m7�%�Ah;��x�mpmv�;XMgSX%�þ��UWVAX1humkh�iTx¡iT�M�%X%aEh�iTgS�MX¥¢¤mvc�huVSX
Ä d��vgSiTx
ß�X%�vdfmvg	d��^mv{AhuiTd�gAX%� {]}	�;�Se�e�d�gS��h;VSX�h;mTh�ikx
iT�%�MX%aAhuiTgS�MX�dfg h;VSX£�w����ß�X%�vdfmvg½iTgS� huVSX
iT�%�MX%aAhuiTgS�%X��]iTdfgS�Z¢¤c;mve(huVSX�huVScnX%X�YK_Eh;X%gS�AX%�¶ß�X%�vdfmvgS�M��UWVSX�humkh�iTx@iT�M�%XMaAh�iTgA�%X�dfg	huVSX Ä d��TgwiTx
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Branching Ratio (10-10)
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Branching Ratio (10-10)
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